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A magnetic levitation transport system includes magnetic 
levitation vehicles (A) each driven by a linear motor to run 
along a track (B). Induction lines (L) extend through 
predetermined blocks of the running track to transmit a high 
frequency sine-wave current. Each vehicle includes 
electromagnets (2) to attract levitating magnetic members 
(3) extending along the running track, a pickup coil (PU) 
resonant with a frequency of the induction lines (L) to 
generate an electromotive force, and a battery (10) 
chargeable by the pickup coil (PU) . The electromagnets 
receive power from the pickup coil and/or the battery. 
EXEMPLARY CLAIMS- A magnetic levitation transport 
system comprising:; a magnetic levitation vehicle (A);; lines 
(L) extending through predetermined blocks of a running 
track (B) of said vehicle to transmit a high frequency sine- 
wave current threrethrough, said lines (L) being included in 
induction line units (X) installed in said predetermined blocks 
and extending along inner walls of a guide rail (B);; wherein 
said vehicle is driven by a linear motor (5, 6), and includes 
levitation magnetic force generating means (2) to attract 
levitating magnetic members (3) extending along said 
running track (B), a pickup coil (19) resonant with a 
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frequency of said lines (L) to generate an electromotive 
force, and a battery chargeable by said pickup coil, said 
levitating magnetic force generating means receiving power 
from said pickup coil and/or said battery.; A magnetic 
levitation transport system as defined in claim 1, wherein 
said vehicle further includes a power receiving unit (23) 
connecting said pickup coil (19) to said levitating magnetic 
force generating means (2), and a battery (10) connected to 
said power receiving unit (23), with said power receiving 
unit (23) receiving power from only said pickup coil (19) and 
both charging said battery (10) and supplying power to said 
levitating magnetic force generating means (2) when said 
pickup coil (19) is generating an electromotive force, and 
with said power receiving unit (23) receiving power from 
only said battery (10) and supplying power to said levitating 
magnetic force generating means (2) when said pickup coil 
(19) is generating no electromotive force. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates to magnetic levitation trans- 
port systems, and more particularly to a magnetic levi- 
tation transport system having vehicles lifted by a 
magnetic force generating device which attracts mag- 
netic members extending along a running track, and 
propelled by a linear motor to transport loads. 

2. DESCRIPTION OF THE RELATED ART 

A conventional magnetic levitation transport system 
will be described with reference to Figs. 21 through 23. 
This system includes a load carrying vehicle A lifted and 
propelled along a guide rail B defining a running track in 
a cleanroom. The vehicle A is magnetically levitated, 
and driven by a linear motor to move from one loading 
and unloading station ST to another. 

The guide rail B includes a main body B1 formed by 
extrusion molding a non-magnetic material such as alu- 
minum. The main body B1 is in the shape of a square 
tube, with an upper surface defining an opening extend- 
ing longitudinally of the rail B. The main body B1 has 
magnetic members 3 attached to lower sides of the 
upper surface. The magnetic members 3 extend along 
the upper opening and are spaced from each other 
transversely of the main body B1 . The vehicle A has lev- 
itating electromagnets 2 disposed under and attracting 
the magnetic members 3, respectively. The vehicle A is 
movable along the guide rail B, with a main body A1 of 
the vehicle A disposed inside the main body B1 of the 
rail B. The guide rail B further includes primary coils 5 of 
a linear motor mounted in the bottom thereof. 

As shown in Fig. 23, the primary coils 5 are 
arranged at intervals along the guide rail B to decelerate 
and stop the vehicle A at each station ST and to start 
and accelerate the vehicle A. 

The main body B1 of the guide rail B contains stop- 
ping electromagnets 7 in positions opposed to each sta- 
tion ST. These electromagnets 7 attract, from below, 
stopping magnetic members 8 attached to the vehicle A 
to maintain the vehicle A at a standstill. The magnetic 
members 8 are arranged in the front and rear and right 
and left comers of the vehicle A. Thus, four electromag- 
nets 7 are arranged in place to act on the respective 
magnetic members 8. 

The vehicle A includes a flat load supporting deck 
1 5 disposed on top. The levitating electromagnets 2 are 
arranged in the front and rear and right and left comers 
of the vehicle A to act as magnetic force generating 
means for attracting the levitating magnetic members 3 
from below. The vehicle A further includes a secondary 
conductor 6 formed of a non-magnetic material such as 
aluminum to act on the primary coils 5 of the guide rail 
B. The secondary conductor 6 is supported in horizontal 



posture in a lower region of the vehicle A, with a trans- 
versely middle position thereof attached to a prop 6b 
depending from a transversely middle position of the 
main body A1 of the vehicle A. The guide rail B supports 

5 magnetic plates 6c arranged only in positions where the 
primary coils 5 are present. The secondary conductor 6 
is movable through spaces defined between the mag- 
netic plates 6c and upper surfaces of the primary coils 
5. Thrust is applied to the vehicle A when the secondary 

10 conductor 6 passes through these spaces. 

The levitating electromagnets 2 are electrified by a 
battery 10 mounted on the main body A1 of the vehicle 
A. As a result, upper surfaces of the levitating electro- 
magnets 2 are maintained within a predetermined 
15 range of distance from lower surfaces of the levitating 
magnetic members 3 based on information provided by 
gap sensors (not shown). The stopping electromagnets 
7 are electrified only when maintaining the vehicle A at 
a standstill at the station ST. 
20 In Fig. 21, reference W1 denotes guide rollers for 
maintaining vertical spacing between the levitating elec- 
tromagnets 2 and magnetic members 3 when the elec- 
tromagnets 2 are de-electrified. Reference W2 denotes 
guide rollers for maintaining a smaller transverse spac- 
es ing between the vehicle A and guide rail B than a prede- 
termined value, to prevent the vehicle A from colliding 
with inner lateral surfaces of the levitating magnetic 
members 3. 

Systems comparable to this are for example known 

30 from EP-A-0 246 098 or US-A-5 058 505. 

The known magnetic levitation transport system as 
described above has the disadvantage of having to 
change or charge the battery 10 every five to six hours, 
which impairs operating efficiency of the vehicle A. 

35 Moreover, the battery 10 must be subjected to mainte- 
nance periodically. 

In order to overcome these disadvantages, it is con- 
ceivable to lay along the guide rail B a power rail formed 
of a conductive material such as copper, and provide 

40 the vehicle A with a collector to contact and receive 
power from the power rail to charge the battery 10. With 
such a construction, however, maintenance is impera- 
tive since the power rail and collector become worn 
through contact. Further, this construction would pro- 

45 duce wastes such as abrasion dust, and cannot there- 
fore be used in a cleanroom. 

A system comparable to this as it is used for public 
transport is described in Karl Dreimann, The M-Bahn 
Maglev Rapid Transit System - Technology, Status, 

so Experience -"; International Conf. on Maglev and Linear 
Drives, May 1987, Bally's, Las Vegas; p. 1 13 - 118. 

SUMMARY OF THE INVENTION 

55 An object of the present invention is to overcome 
the disadvantages of the prior art noted above, and pro- 
vide a magnetic levitation transport system which does 
not require change of batteries over a long period of 
time, thereby to secure improved operating efficiency, 
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and which may be used in a cleanroom. 

The above object is fulfilled, according to the 
present invention, by a magnetic levitation transport 
system comprising a magnetic levitation vehicle, lines 
extending through predetermined blocks of a running 
track of the vehicle to transmit a high frequency sine- 
wave current therethrough, said lines being included in 
induction line units installed in the predetermined blocks 
and extending along inner walls of a guide rail, 
wherein the vehicle is driven by a linear motor and 
includes a levitating magnetic force generating device to 
attract levitating magnetic members extending along the 
running track, a pickup coil resonant with a frequency of 
the lines to generate an electromotive force, and a bat- 
tery chargeable by the pickup coil, the levitating mag- 
netic force generating device receiving power from the 
pickup coil and/or the battery. 

With the above construction, an electromotive force 
is generated in the pickup coil when power (alternating 
current) is supplied to the lines extending through the 
predetermined blocks of the track. As a result, the vehi- 
cle receives power in a non-contact mode while running 
through these blocks of the track, with the battery 
charged, and power supplied to the levitating magnetic 
force generating device. When the vehicle runs along 
the track other than the predetermined blocks, the levi- 
tating magnetic force generating device receives power 
from the battery. 

From the article of Manochehr Eghtesadi, "Induc- 
tive Power Transfer to an Electrical Vehicle - Analytical 
Model -"; 40th IEEE Vehicular Technology Conference, 
May 1990, Orlando, Florida; P 100 - 104 is known an 
inductive power coupling system for a road vehicle, i. e. 
a bus, but this document does not teach how to design 
a clean-room transport system according to the inven- 
tion. 

As noted above, the present invention allows an 
electromotive force to be generated in the pickup coil by 
supplying power (alternating current) to the lines 
extending through the predetermined blocks of the 
trade The vehicle may receive power in a non-contact 
mode and the battery may be charged as well while the 
vehicle runs through these blocks of the track. Conse- 
quently, it is no longer necessary to change the battery 
every five to six hours as is the case with the prior art. 
This feature improves operating efficiency and drasti- 
cally reduces the time consumed in maintenance since 
the battery need not be changed for at least one year. 
Power may be supplied to the vehicle regardless of its 
running direction. 

The levitating magnetic force generating device 
may include electromagnets and permanent magnets. 
This provides the advantage of allowing the electromag- 
nets to be excited with reduced currents and to be com- 
pact 

According to the present invention, a vehicle pro- 
pelled along a guide rail may include a magnetic force 
generating device having electromagnets and perma- 
nent magnets for generating magnetic forces with levi- 



tating magnetic members included in the guide rail to 
levitate the vehicle, and a control device for controlling 
the magnetic forces, in which the electromagnets and 
permanent magnets are arranged opposite the levitat- 
5 ing magnetic members, respectively. 

With this construction in which the electromagnets 
and permanent magnets constituting the magnetic force 
generating device mounted on the vehicle are arranged 
opposite the levitating magnetic members, respectively, 

10 the permanent magnets are not incorporated into mag- 
netic circuits of the electromagnets, thereby avoiding 
increased magnetic resistance in the magnetic circuits. 

Thus, this construction avoids reduced efficiency of 
the electromagnets occurring where the permanent 

is magnets are joined to intermediate positions or oppo- 
site ends of yokes each supporting a pair of electromag- 
nets. 

Each of the permanent magnets may be formed 
cylindrical to surround one of the electromagnets. 

20 With each cylindrical permanent magnet surround- 
ing one of the electromagnets, large areas are secured 
opposite the levitating magnetic members to produce 
sufficient magnetic forces, which allow the entire mag- 
netic force generating device to be compact. 

25 An adjusting device may be provided for adjusting a 
relative position between the permanent magnets and 
electromagnets in directions toward and away from the 
levitating magnetic members. 

With the permanent magnets and electromagnets 

30 adjustable relative to each other in directions toward 
and away from the levitating magnetic members, a rela- 
tive position may be selected according to the weight of 
a load to enable diminishment of the exciting currents 
supplied to the electromagnets. For example, where the 

35 vehicle has permanent magnets capable of generating 
sufficient magnetic forces to cope with a heavy load 
placed on the vehicle, the permanent magnets may be 
moved relative to the electromagnets away from the lev- 
itating magnetic members, when the load is light, to 

40 diminish the attractive forces acting between the perma- 
nent magnets and magnetic members. In this way, a 
rough adjustment of the necessary attractive forces may 
be carried out by varying the relative position between 
the permanent magnets and electromagnets according 

45 to the weight of the load. This enables a reduced range 
of adjustment of the necessary attractive forces pro- 
duced by the electromagnets, which in turn realizes 
diminished exciting currents supplied to the electromag- 
nets. 

so More advantageously, the adjusting device may be 
automatically operable to move the permanent magnets 
relative to the electromagnets the closer to the levitating 
magnetic members with the heavier load placed on the 
vehicle. 

55 Trie vehicle may further include a gap detecting 
device for detecting a gap between the vehicle and 
guide rail, the control device being operable to control 
the magnetic forces such that a value detected by the 
gap detecting device becomes a predetermined value. 
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That is, the magnetic forces of the levitating mag- 
netic members are controllable such that a gap between 
the vehicle and guide rail, e.g. a detection value of the 
gap detecting device for detecting the gap between the 
vehicle and guide rail, correspond to a predetermined 
value. In this case, even when a load has an increased 
weight, the relative position between the permanent 
magnets and electromagnets is varied to maintain the 
gap constant and to check an increase in the exciting 
currents supplied to the electromagnets. 

Further, the vehicle may include a current detecting 
device for detecting the exciting currents supplied to the 
electromagnets, the control device being operable, in 
response to detection information received from the cur- 
rent detecting device, to control the magnetic forces 
such that the exciting currents become zero steady 
level. 

With this construction, the magnetic forces are con- 
trollable based on detection information received from 
the current detecting device for detecting the exciting 
currents supplied to the electromagnets to bring the 
exciting currents to zero steady level. In this case, even 
when a load has a varied weight, the relative position 
between the permanent magnets and electromagnets is 
varied to bring the exciting currents close to zero steady 
level without substantially varying the gap between the 
vehicle and guide rail. 

Consequently, in the magnetic levitation transport 
system in which permanent magnets are used along- 
side the electromagnets in the magnetic force generat- 
ing device of the vehicle in order to diminish the exciting 
currents supplied to the electromagnets, the exciting 
currents are diminished while maintaining the gap 
between the vehicle and guide rail in a proper range 
despite variations in the weight of the load. 

The levitating magnetic members may be magnet- 
ized substantially at right angles to a running direction 
of the vehicle, and the vehicle may include a control 
device for controlling magnetic forces of the electromag- 
nets constituting the magnetic force generating device, 
the control device being operable to control electrifica- 
tion of the electromagnets such that magnetic forces 
acting between the electromagnets and levitating mag- 
netic members be switched between attractive forces 
and repulsive forces. 

With this construction, since the levitating magnetic 
members are magnetized substantially at right angles to 
a running direction of the vehicle, not only attractive 
forces but also repulsive forces may be generated 
between the electromagnets on the vehicle and the lev- 
itating magnetic members. That is, with the control 
device operable to control electrification of the electro- 
magnets (e.g. to switch polarity of the exciting currents), 
the magnetic forces acting between the electromagnets 
and levitating magnetic members may be switched 
between attractive forces and repulsive forces. When, 
for example, the electromagnets and levitating magnetic 
members have moved too close to each other, the mag- 
netic forces acting therebetween are switched to repul- 



sive forces for a very brief time. This prevents the 
electromagnets and levitating magnetic members from 
moving closer to each other by inertia, and promptly 
restores a proper gap therebetween. 

5 This construction effectively checks and quickly 
damps vertical vibrations of the vehicle, compared with 
the magnetic forces acting between the electromagnets 
and levitating magnetic members being used only as 
attractive forces, and separation thereof being depend- 

10 errt on a natural descent which is made possible by 
weakening the attractive forces. 

The magnetic levitation transport system of the 
present invention, may also comprise a magnetic force 
generating device for levitating the vehicle above the 

15 guide rail, a levitated state detecting device for detecting 
a difference between a predetermined proper levitated 
state and an actual levitated state provided by the levi- 
tating force of the magnetic force generating device, a 
levitation control device operable in response to detec- 

20 tion information received from the levitated state detect- 
ing device to control the levitating force of the magnetic 
force generating device, thereby to maintain the prede- 
termined proper levitated state, a propelling force gen- 
erating device for applying a forward or backward 

25 propelling force to the vehicle along the guide rail, and a 
propelling force control device for controlling the propel- 
ling force generating device. 

With this construction, the magnetic force generat- 
ing device lifts the vehicle out of contact with the guide 

30 rail, and the propelling force generating device such as 
a linear induction motor (LIM) propels the vehicle along 
the guide rail. In this way, the vehicle may transport a 
load efficiently and smoothly from one station to 
another. 

35 Advantageously, this magnetic levitation transport 
system may further comprise a state value detecting 
device for detecting a state value variable with varia- 
tions in weight of the vehicle, the propelling force control 
device being operable in response to detection informa- 

40 tion received from the state value detecting device to 
control the forward or backward propelling force. 

With this construction, the levitation control device 
controls the magnetic force generating device based on 
detection information from the levitated state detecting 

45 device, to maintain the vehicle in a proper levitated state 
above the guide rail. At the same time, the propelling 
force control device controls the forward or backward 
propelling force based on detection information from the 
state value detecting device which is variable with the 

so weight of the vehicle including the load. 

The levitated state detecting device may be opera- 
ble to detect a difference between a predetermined 
proper gap and an actual gap between the vehicle and 
guide rail, the levitation control device may be operable 

55 to control the levitating force of the magnetic force gen- 
erating device to bring the actual gap to the proper gap, 
and the state value detecting device may be operable to 
detect the levitating force of the magnetic force generat- 
ing device. 
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With this construction, the levitation oontrol device 
controls the levitating force of the magnetic force gener- 
ating device, so that the gap between the vehicle and 
guide rail detected by the levitated state detecting 
device become a predetermined proper gap. That is, the 5 
levitating force of the magnetic force generating device 
is varied according to the weight of the vehicle including 
a load. The levitated state detecting device detects this 
levitating force, and the propelling force control device 
controls the forward or backward propelling force based 
on the detection information from the state value detect- 
ing device. The levitating force of the magnetic force 
generating device may be detected from energy sup- 
plied to the magnetic force generating device, e.g. the 
exciting currents supplied to the electromagnets where 
levitating forces are generated by the magnetic forces of 
the electromagnets. 

This construction provides the advantage that the 
forward or backward propelling force may be controlled 
with nicety according to an actual weight of the vehicle 
including a load. 

The levitated state detecting device may be opera- 
ble to detect a difference between a predetermined 
proper value and energy supplied to the levitating mag- 
netic force generating device and to detect variations in 
the gap between the vehicle and guide rail, the levitation 
control device may be operable to control the levitating 
force of the magnetic force generating device to bring 
the energy supplied to the magnetic force generating 
device to the predetermined proper value in the 
absence of variations in the gap, and the state value 
detecting device may he operable to detect the gap. 

With this construction, the levitation control device 
is operable, in response to a difference between the 
predetermined proper value and energy supplied to the 
levitating magnetic force generating device and varia- 
tions in the gap between the vehicle and guide rail as 
detected by the levitated state detecting device, to con- 
trol the levitating force of the magnetic force generating 
device such that the energy supplied to the magnetic 
force generating device be the predetermined proper 
value in the absence of variations in the gap (in a steady 
state). Where, for example, levitating forces are gener- 
ated by the magnetic forces of electromagnets, the 
exciting currents for the electromagnets are controlled 
to be a predetermined proper value in a steady state. By 
using permanent magnets as well, the exciting currents 
for the electromagnets may be reduced to zero in a 
steady state. 

In this case, the levitating force of the magnetic 
force generating device is varied for a transient period 
according to the weight of the vehicle including a load, 
to vary and maintain the gap to balance the weight. The 
state value detecting device detects this gap, and the 
propelling force control device controls the forward or 
backward propelling force based on detection informa- 
tion from the state value detecting device. 

Where, for example, the propelling force generating 
device is a linear induction motor (LIM), the control of 



the forward or backward propelling force is carried out 
by varying an effective voltage applied to primary coils 
according to the weight. In a stopping control, a transfer 
function gain is varied according to the weight when the 
backward propelling force is subjected to feedback con- 
trol based on a distance to a stopping position and 
speed of the vehicle. 

A state value corresponding to a weight may be 
obtained by utilizing a device required for the levitation 
control. That is, the state value detecting device may be 
used also as part of the levitated state detecting device 
for detecting the gap between the vehicle and guide rail. 

The foregoing and other objects, features and 
advantages of the invention will be apparent from the 
following more particular description of preferred 
embodiments of the invention, as illustrated in the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view of a magnetic levitation trans- 
port system according to the present invention; 
Fig. 2 is a sectional side view of the magnetic levi- 
tation transport system; 

Fig. 3 is a schematic plan view showing a layout of 
a guide rail in the magnetic levitation transport sys- 
tem; 

Fig. 4 is a sectional view of a pickup unit in the mag- 
netic levitation transport system; 
Figs. 5 (a), (b) and (c) are a plan view, a front view 
and a side view of the pickup unit, respectively; 
Fig. 6 is a diagram of circuitry in the magnetic levi- 
tation transport system; 

Fig. 7 is a graph of secondary frequency to electro- 
motive force characteristics of the magnetic levita- 
tion transport system; 

Fig. 8 is a plan view of a vehicle having a magnetic 
force generating device in another embodiment of 
the invention; 

Fig. 9 is a layout plan view showing a portion of the 
magnetic levitation transport system of Fig. 8; 
Fig. 10 is a sectional view of the vehicle and guide 
rail as seen in a direction of movement of the vehi- 
cle; 

Fig. 1 1 is a side view showing construction of the 

vehicle and guide rail of Fig. 10; 

Fig. 12 is a block diagram showing conrols effected 

by a control device of the vehicle shown in Fig. 8; 

Figs. 13 (a), (b), (c) and (d) are schematic views of 

modified magnetic force generating devices, 

respectively; 

Fig. 14 is a sectional view of a vehicle and a guide 
rail in a further embodiment of the invention; 
Fig. 15 is a side view showing construction of the 
vehicle and guide rail of Fig. 14; 
Fig. 16 is a biockdiagram showing controls effected 
by a control device of the vehicle shown in Fig. 14; 
Rg. 1 7 is a block diagram showing control of excit- 
ing currents supplied to electromagnets shown in 
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Fig. 14; 

Fig. 18 is a block diagram of a principal portion of a 
magnetic levitation transport system in a further 
embodiment of the invention; 
Fig. 19 is a sectional view of a vehicle and a guide 5 
rail in the magnetic levitation transport system 
shown in Fig. 18; 

Fig. 20 is a side view showing construction of the 

vehicle and guide rail shown in Fig. 18; 

Fig. 21 is a front view of a conventional magnetic w 

levitation transport system; 

Fig. 22 is a sectional side view of the conventional 

magnetic levitation transport system; and 

Fig. 23 is a schematic plan view showing a layout of 

a guide rail in the conventional magnetic levitation is 

transport system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 

Magnetic levitation transport systems according to 
the present invention will be described in detail herein- 
after with reference to the drawings. 

Like reference numerals are used to identify like 
parts in Figs. 21 through 23 showing the prior art, which 25 
will not be described again. 

Referring to Figs. 1 through 3, a guide rail B has 
induction line units X extending along inner walls of pre- 
determined blocks thereof. As shown in enlargement in 
Fig. 4, each induction line unit X includes an elongate 30 
plate-like bracket 14 formed of aluminum which is a 
magnetic field shielding material. The bracket 14 
extends along the guide rail B, and supports pairs of 
upper and lower horizontal hangers 14a arranged at 
predetermined intervals along the guide rail B. Each 35 
hanger 14a supports a plastic duct 14b attached to a 
distal end thereof and extending along the guide rail B. 
The duct 14b contains an induction line L connected to 
a power source assembly P disposed outside the guide 
rail B as shown in Fig. 2. The induction line L is a strand 40 
wire (hereinafter called a litz wire) formed of thin insu- 
lated wires, and covered with an insulator such as a 
plastic material. The above-mentioned predetermined 
blocks are straight portions of the guide rail B, for exam- 
ple. 45 

The main body A1 of the vehicle A has a pickup unit 
PU disposed in a lower position thereof opposed to the 
bracket 14 supporting the induction line L As shown in 
Fig. 5, the pickup unit PU includes a ferrite 18 acting as 
a magnetic member having an E -shaped section and so 
elongated along the guide rail B, a pickup coil 19 formed 
of a litz wire wound with 10 to 20 turns around upper 
and lower surfaces of a middle projection 18A of the fer- 
rite 18, and plate-like lugs 20 attached in vertical pos- 
ture to opposite ends of one side of the ferrite 18. 55 
Projections 1 8A, 1 8B and 1 8C of the ferrite 1 8 have dis- 
tal ends 18D extending vertically and inwardly. As 
shown in Fig. 5 (c), each lug 20 defines a vertically elon- 
gated mounting bore 20A having semicircular opposite 
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ends. The lugs 20 are connected to a pair of supports 
21 projecting from the vehicle A toward the guide rail B, 
by bolts 22A extending through mounting bores 20A 
and 21 A. The ferrite 18 of the pickup unit PU is vertically 
adjusted so that, when the vehicle A is lifted to a prede- 
termined levitation level, the center L of the ferrite 18 is 
halfway between each pair of ducts 1 4b of the induction 
line unit X and perpendicular to the bracket 14. The 
pickup unit PU is turned as indicated by arrows and ver- 
tically adjusted to place the upper and lower projections 
18B and 18C of the ferrite 18 above and below the pair 
of ducts 14b of the induction line unit X, respectively. 
Then, nuts 22B are tightened to fix the pickup unit PU in 
position. With the pickup unit PU fixed in position, each 
duct 14b, as shown in Fig. 4, is disposed substantially 
halfway between the pickup coil 19 on the ferrite 18 and 
the upper or lower projection 18B or 18C. The pickup 
unit PU is constructed such that the ferrite 18 and 
pickup coil 1 9 do not contact the ducts 1 4b or bracket 1 4 
when the vehicle A is not lifted. 

As shown in Fig. 2, the vehicle A has, mounted on 
an upper surface of the main body A1, a power receiv- 
ing unit 23 for receiving an electromotive force gener- 
ated in the pickup coil 19, a battery 10 for supplying 
power to electromagnets 2 acting as levitating magnetic 
force generating means, and a control device 9 for con- 
trolling power supply to the electromagnets 2. The con- 
trol device 9 confirms a levitation level of the vehicle A 
based on detection signals received from gap sensors 
(not shown), produces a signal for controlling electrifica- 
tion of the levitating electromagnets 2, and outputs this 
signal to a power circuit 25 included in the power receiv- 
ing unit 23 and connected to the electromagnets 2 as 
shown in Fig. 6. 

Detailed circuit constructions of the power source 
assembly P and power receiving unit 23 will be 
described with reference to Fig. 6. 

The power source assembly P includes a 200V 
three-phase AC source 41 , a converter 42, a sine-wave 
resonance inverter 43, and a transistor 44 and a diode 
45 for protection against over-current. The converter 42 
includes diodes 46 for full-wave rectification, coils 47 
acting as fitters, a capacitor 48, a resistor 49, and a tran- 
sistor 50 for short-circuiting the resistor 49. The sine- 
wave resonance inverter 43 includes transistors 51 and 
52 driven by rectangular wave signals generated alter- 
nately as shown in Fig. 6, a current limiting coil 53, a 
current supplying coil 54 connected to the transistors 51 
and 52, and a capacitor 55 forming a parallel resonance 
circuit with the induction line L. Transistor control 
devices are omitted from the illustration. 

The power receiving unit 23 is connected parallel to 
the pickup coil 19. The power receiving unit 23 includes 
a capacitor 31 forming a circuit resonant with a fre- 
quency of the pickup coil 19 and induction line L A rec- 
tifying diode 32 is connected parallel to the capacitor 31 . 
A stabilizing source circuit 33 is connected to the diode 
32 to control output of the diode 32 to a predetermined 
DC voltage. The power circuit 25 is connected to the 
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stabilizing source circuit 33 through a diode 34 to adjust 
electrification of the levitating electromagnets 2. The 
stabilizing source circuit 33 is connected to the positive 
electrode of the battery 1 0 through a diode 26. The pos- 
itive electrode of the battery 10 is connected also to the 
power circuit 25 through two diodes 27 forming a high- 
value priority circuit with the diode 34. The levitating 
electromagnets 2 are connected to the power circuit 25. 
The stabilizing source circuit 33 includes a current limit- 
ing coil 35, an output adjusting transistor 36, a diode 37 
acting as a filter, and a capacitor 38. A transistor control 
device is omitted from the illustration. The diodes 34, 36 
and 27 have the same characteristic. 

Operations of the power source assembly R induc- 
tion line L and vehicle A will be described next. 

The 200V three-phase alternating current outputted 
from the AC source 41 is changed to a direct current by 
the converter 42. This current is changed to a high fre- 
quency wave such as a 10kHz sine wave by the sine- 
wave resonance inverter 43 and supplied to the induc- 
tion line L The control device 9 confirms a levitation 
level of the vehicle A based on detection signals 
received from the gap sensors, and outputs an electrifi- 
cation control signal to the power circuit 25 in the power 
receiving unit 23 to place the vehicle A at a predeter- 
mined levitation level. 

In the straight portions of the guide rail B where the 
induction line L is laid, a magnetic flux generated in the 
induction line L generates an electromotive force in the 
pickup coil 19 of the vehicle A resonant with the fre- 
quency of the induction line L. An alternating current 
generated by this electromotive force is rectified by the 
diode 32 in the power receiving unit 23, controlled to a 
predetermined DC voltage by the stabilizing source cir- 
cuit 33. and supplied to the levitating electromagnets 2 
through the power circuit 25 according to the electrifica- 
tion control signal inputted thereto from the control 
device 22, thereby lifting the vehicle A. The stabilizing 
source circuit 33 acts also to charge the battery 10. In 
the straight portion of the guide rail B, the high-value pri- 
ority circuit formed of the diodes 34 and 27 is operable 
to pass no current from the battery 10 to the power cir- 
cuit 25. In this state, the vehicle A is propelled by the pri- 
mary coils 5 provided at stations ST. 

In curved portions of the guide rail B having no 
induction line L, no electromotive force is generated in 
the pickup coil 19 of the vehicle A, and zero voltage is 
outputted from the stabilizing source circuit 33. In the 
curved portions, power is supplied from the battery 10 
to the power circuit 25 and, according to the electrifica- 
tion control signal inputted from the control device 22, 
the power circuit 25 electrifies the levitating electromag- 
nets 2 to lift the vehicle A. 

As described above, the vehicle A receives power 
supply in a non-contact mode, with the battery 10 being 
charged as well, while transporting a load along the 
guide rail B. It is unnecessary to change the battery 
every five or six hours, which assures improved operat- 
ing efficiency. Maintenance of the battery need not be 



carried out for one year or more, thereby drastically 
reducing maintenance time. Power may be supplied to 
the vehicle A regardless of its moving direction. 

Since power is supplied in a non-contact mode, this 

5 system does not produce dust as produced through 
contact between a power supply rail and a collector in 
the prior art. Thus, the transport system according to 
the present invention may be used in a cleanroom. 
As noted hereinbefore, the E-shaped ferrrte 18 is 

10 fixed with the opening side thereof opposed to one side 
of the bracket 14, and with the pickup coil 19 placed 
halfway between two tiers of the induction line L Conse- 
quently, as shown in Fig. 4, the pickup coil 19 lies in a 
position of maximum flux density produced by the 

is induction line L, whereby a maximum electromotive 
force is induced for efficient power supply. 

Since the induction line units X are provided only in 
straight portions of the guide rail B, the pickup unit PU is 
free from contact with the induction lines L. The pickup 

20 unit PU could contact the induction lines L if the latter 
were provided in curved portions also. Thus, the ferrite 
18 of the pickup unit PU may have a freely selected 
length. However, an induction line unit X may be pro- 
vided in each gently curved portion to extend continu- 
es ously along the guide rail B. 

Since the induction line L is longer than the pickup 
coil 19, the induction line L has a substantially constant 
primary inductance. Further, since the capacitor 55 of 
the power source assembly P and induction line L form 

30 a resonance circuit, the induction line L may receive a 
high frequency, sine-wave primary current in a substan- 
tially constant, large amount. With the pickup coil 19 
forming a secondary resonance circuit, as shown in Fig. 
7, a high secondary voltage (1000 to 2000V in the 

35 graph) is generated at resonance frequency fO. A sec- 
ondary voltage exceeding a predetermined value (300V 
in the graph) may be generated in a frequency range f 1 - 
f2 even if levitation of the vehicle A vertically displaces 
the pickup coil 19 with respect to the induction line L, 

40 even if the frequency of the induction line L varies a lit- 
tle, and even if the secondary resonance frequency var- 
ies a little from the frequency of the induction line L This 
assures a steady supply of a large amount of power. 
The vertical adjustment noted hereinbefore may be car- 

45 ried out roughly in order to promote operating efficiency 
and facilitate manufacture. 

The litz wires covered with an insulating material 
are used as the induction line L and pickup coil 19, 
which present no exposure of the conductive parts, 

so thereby promoting safety. The absence of sparks elimi- 
nates risks of fire. Thus, this transport system may be 
used in an explosion-proof area. Since the induction line 
L receives a sine wave, no higher harmonics are gener- 
ated and hence no radio noise. 

55 In the foregoing embodiment, one duct 14b con- 
tains one induction line L. Instead, one duct 14b may 
contain two or more induction lines L to boost power. An 
inverter may be connected to the stabilizing source cir- 
cuit 33 in the power receiving unit 23 to collect a com- 
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mercial frequency alternating current. This current may 
be used to drive a loading and unloading motor 
mounted on the load supporting deck 15 of the vehicle 
A. 

Another embodiment will be described hereinafter. 

An unmanned transport system in this embodiment 
is operable automatically to transport loads such as 
semiconductor wafers in a cleanroom. As shown in Fig. 
9, the transport system includes a guide rail B extending 
along a running track of vehicles A. Each vehicle A is 
magnetically levitated, and driven by a linear motor to 
run along the guide rail B. 

As shown in Figs. 10 and 11, the guide rail B has 
levitating magnetic members 3 attached to lower sur- 
faces of upper horizontal flanges thereof to be attracted 
by magnetic force generating devices 2 of each vehicle 
A. The magnetic force generating devices 2 are 
mounted on a lower frame 1 of the vehicle A and distrib- 
uted to four, front and rear and right and left, comers of 
the vehicle A. Each magnetic force generating device 2 
includes permanent magnets 2a and electromagnets 
2b, and is opposed to one of the levitating magnetic 
members 3. 

The electromagnets 2b share a U-shaped yoke 2b 1 
having a pair of end faces opposed to one of the levitat- 
ing magnetic members 3, and two coils 2b2 connected 
in series and wound around two bobbins mounted on 
the yoke 2b 1 . The permanent magnets 2a are formed 
cylindrical to surround the coils 2b2, respectively. Thus, 
as shown in plan in Fig. 8, each end face of the yoke 
2b1, coil 2b2 and permanent magnet 2a are arranged 
concentrically. Each pair of permanent magnets 2a is 
rigidly attached to a frame 2a1, and movable vertically 
(perpendicular to the sheet of Fig. 8) by a mounting 
structure described hereinafter. 

One of the permanent magnets 2a forming a pair 
has an end face opposed to the levitating magnetic 
member 3 (i.e. upper end) providing N-pole, and a lower 
end providing S-pole, while the other permanent mag- 
net 2a forming the pair has an upper end providing S- 
pole and a lower end providing N-pole. Each permanent 
magnet 2a produces a magnetic force (attractive force) 
with the levitating magnetic member 3. A magnetic flux 
produced by the electromagnets 2b passes through a 
magnetic circuit including the yoke 2b1, levitating mag- 
netic member 3, and a pair of gaps formed between the 
two end faces of the yoke 2b1 and magnetic member 3, 
to generate a magnetic force between the electromag- 
nets 2b and magnetic member 3. 

The magnetic force of the permanent magnets 2a 
and that of the electromagnets 2b have a mutually 
boosting effect where the permanent magnets 2a and 
electromagnets 2b produce magnetic fluxes in the same 
direction (i.e. have the same polarity), but attenuate 
each other where the magnetic fluxes are produced in 
opposite directions. Thus, the attractive force acting 
between the magnetic force generating devices 2 and 
levitating magnetic members 3 may be varied with 
respect to the magnetic force of the permanent magnets 



2a by reversing polarity of an exciting current supplied 
to the electromagnets 2b (coils 2b2) or varying intensity 
thereof. 

Each vehicle A includes a control device for control- 

5 ling the exciting currents supplied to the electromagnets 
2b to control the magnetic force of magnetic force gen- 
erating devices 2, thereby to control levitation of the 
vehicle A above the guide rail B. The control by the con- 
trol device of the exciting currents supplied to the elec- 

10 tromagnets 2b will be described later. 

The guide rail B includes primary coils 5 mounted in 
the bottom thereof, while each vehicle A includes a sec- 
ondary conductor 6 supported by the lower frame 1 
through a prop 6b. The primary coils 5 and secondary 

is conductor 6 constitute a linear motor for driving the 
vehicle A. The secondary conductor 6 has a magnetic 
plate 6a applied thereto. The primary coils 5 produce 
magnetic fields to act on the secondary conductor 6 and 
propel the vehicle A. 

20 The primary coils 5 are arranged at predetermined 
intervals along the guide rail B to save installation cost, 
and the vehicle A runs by inertia from one primary coil 5 
to another. However, the primary coils 5 are, of neces- 
sity, arranged at and adjacent each station ST to decei- 
ts erate the vehicle A to a standstill and to start and 
accelerate the vehicle A. 

The guide rail B includes stopping electromagnets 
7 arranged in positions opposed to each station ST to 
maintain the vehicle A at a standstill as magnetically lev- 

30 itated. The vehicle A includes stopping magnetic mem- 
bers 8 attached to the lower frame 1 to be attracted by 
the electromagnets 7. The magnetic members 8 are 
arranged in the front and rear and right and left corners 
of the vehicle A. Four electromagnets 7 are arranged in 

35 place opposite the station ST to act on the respective 
magnetic members 8. 

TTius, the vehicle A is driven, under ground control, 
by the ground, primary type linear motor formed of the 
primary coils 5 and secondary conductor 6, and is 

40 stopped at each station ST and maintained still also 
under ground control. The controls of the primary coils 5 
include deceleration, stoppage, starting and accelera- 
tion at and adjacent each station ST, and intermediate 
acceleration and deceleration between the stations ST. 

45 A ground controller effect these controls by varying 
direction and frequency of magnetic fields produced 
from the primary coils 5. 

The vehicle A has a control device 9 mounted ther- 
eon. As shown in Fig. 12, the control device 9 has main 

so functions to control, through a drive circuit 30, the excit- 
ing current supplied to the electromagnets 2b, and to 
exchange information with each station ST through 
communication units 11 and 12 by means of optical 
communication. The information exchanged includes 

55 information regarding the identification number and load 
conditions of the vehicle A, information regarding charg- 
ing and discharging of a battery, and information regard- 
ing running and stoppage of the vehicle A. 

Though not shown in Fig. 1 2. a total of four drive cir- 
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curts 30 are provided to drive the four magnetic force 
generating devices 2 (electromagnets 2b) arranged in 
the front and rear and right and left comers of the vehi- 
cle A, respectively. The control device 9 transmits infor- 
mation regarding polarity and amount of the exciting 5 
current to each of the four drive circuits 30. Output of 
each drive circuit 30 (i.e. the exciting current) is fed back 
to the control device 9 through a current detector (or 
current detecting circuit) 13. The control device 9 also 
receives detection information from four gap sensors 4 to 
each disposed centrally of the magnetic force generat- 
ing device 2 (see Fig. 10). 

Based on the detection information received from 
the gap sensors 4, the control device 9 controls the 
exciting currents supplied to the electromagnets 2b to 15 
secure a proper gap between the vehicle A and guide 
rail B. The control device 9 also varies the proper gap 
according to the weight of a load, and controls the excit- 
ing currents to zero steady level based on detection 
information received from the current detectors 13. That 20 
is, the control device 9 controls the exciting currents 
supplied to the electromagnets 2b within a small range 
centering on zero. Consequently, the magnetic forces of 
the electromagnets 2b are used to increase and 
decrease the magnetic forces of the magnetic force 25 
generating devices 2 with respect to the magnetic 
forces of the permanent magnets 2a. In this way, the 
attractive forces acting between the magnetic force gen- 
erating devices 2 and levitating magnetic members 3 
balance the gravity of the vehicle A including the load. 30 

With the above control, the heavier the load is. the 
smaller is the gap between the vehicle A and guide rail 
B. Naturally, there is a physical limitation to the range of 
adjustment of the gap between the vehicle A and guide 
rail B. This magnetic levitation transport system 35 
includes an adjusting device for adjusting relative posi- 
tions between the permanent magnets 2a and electro- 
magnets 2b in the directions toward and away from the 
levitating magnetic members 3. With the position of the 
electromagnets 2b regarded as a reference position, ao 
the heavier the load is, the closer the permanent mag- 
nets 2a are moved to the levitating magnetic members 
3. This increases the attractive force acting between the 
permanent magnets 2a and levitating magnetic mem- 
bers 3. A specific construction of this adjusting device C 45 
will he described with reference to Figs. 8 and 1 1 . 

As shown in Figs. 8 and 1 1 , a load supporting deck 
15 for supporting a load W is attached to the lower 
frame 1 through a spring 16. The load supporting deck 
15 is movable downward, compressing the spring 16, so 
under the weight of the load W. That is, the weights of 
the load W and load supporting deck 15 balance a 
restoring force of the spring 16. The frames 2a1 of the 
permanent magnets 2a are attached to a lower end of 
the load supporting deck 15 through parallel links 17. 55 
With vertical movement of the load supporting deck 15, 
the permanent magnets 2a are vertically movable by 
leverage. 

As shown in Fig. 1 1 . a lower end region of the load 



supporting deck 15 has an inserted T-shaped configura- 
tion including a vertical rod portion 15a vertically mova- 
bly supported by the lower frame 1 , and horizontal rod 
portions 15b extending right and left from a lower end of 
the vertical rod portion 15a. The parallel links 17 
extending in the fore and aft direction are pivotal ly con- 
nected to opposite distal ends 15c of the horizontal rod 
portions 15b. respectively. The frames 2a1 of the per- 
manent magnets 2a are pivotally connected to distal 
ends Q of the parallel links 1 7. The parallel links 1 7 are 
pivotally supported in intermediate positions thereof by 
support elements 28. 

When the load supporting deck 15 moves vertically 
downward, lowering the opposite ends 15c of the hori- 
zontal rod portions 15b f each parallel link 17 acts as a 
lever having a pivotal connection R to the support ele- 
ment 28 acting as a fulcrum, the end 15c acting as a 
force applying point, and the distal end Q acting as an 
output point, to raise the permanent magnets 2a pivot- 
ally connected to the distal end Q. 

The above construction provides the adjusting 
device C. The heavier the load is, the closer the perma- 
nent magnets 2a are moved to the levitating magnetic 
members 3. The spring 16 may have an appropriately 
selected coefficient to realize a proper relationship 
between load weight and amount of movement. 

This embodiment may be modified as follows: 

(1) The specific construction of each magnetic force 
generating device 2 including the permanent mag- 
nets 2a and electromagnets 2b may be varied in 
many ways as set out hereunder. What is important 
is that the permanent magnets 2a and (the yoke 
2b 1 of) electromagnets 2b are arranged opposite 
the levitating magnetic members 3. It is of course 
possible to work the invention without moving the 
electromagnets 2b toward and away from the levi- 
tating magnetic members 3. 

Fig. 13 (a) shows a magnetic force generating 
device 2 including a coil 2b2 of an electromagnet 2b 
mounted centrally of a yoke 2b1 , and a pair of cylin- 
drical permanent magnets fixedly mounted on the 
yoke 2b1. This magnetic force generating device 2 
has a diminished overall construction. 

Fig. 13 (b) shows a magnetic force generating 
device 2 including coils 2b2 of electromagnets 2b 
mounted on a yoke 2b1 as in the foregoing embod- 
iment. The yoke 2b1 has opposite ends thereof cut 
thin, and a pair of cylindrical permanent magnets 
are fixedly mounted on the thin opposite ends of the 
yoke 2b1. With this construction, in a section of the 
magnetic circuit of the electromagnets 2b, part of 
the magnetic flux passes through the yoke 2b1 , and 
part of the flux passes through the permanent mag- 
nets 2a. In this case, the electromagnets 2b have a 
lower efficiency than in the foregoing embodiment 
and in the modification shown in Fig. 13 (a), but 
have a higher efficiency than where intermediate 
portions or opposite ends of the yoke 1 b1 are totally 
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replaced with permanent magnets 2a. 

This applies also to the modifications shown in 
Figs. 13 (c) and (d). In Fig. 13 (c). a yoke 2b1 has 
opposite ends defining cylindrical recesses cen- 
trally thereof in which cylindrical permanent mag- 
nets 2a are securely fitted, respectively. In Fig. 13 
(d), a yoke 2b1 has opposite ends defining semicy- 
lindrical cutouts in which semicylindrical permanent 
magnets 2a are securely fitted, respectively. In 
each of the modifications shown in Figs. 13 (b) 
through (d), the permanent magnets 2a are rigidly 
attached to the yoke 2b1 without presenting projec- 
tions. This facilitates positioning of the coils 2b2, 
and allows the magnetic force generating device 2 
to have a compact construction compared with the 
foregoing embodiment. 

(2) In the described magnetic levitation transport 
system, the gap between the vehicle and guide rail 
is varied to bring the exciting currents for the elec- 
tromagnets to zero steady level. However, the 
present invention is applicable to a transport sys- 
tem which does not employ such a system but sim- 
ply controls the exciting currents for the 
electromagnets, based on the detection information 
from the gap sensors 4, so that the gap between 
the vehicle and guide rail becomes a predeter- 
mined value. 

In this case, the heavier the load is, to the 
greater degree the exciting currents for the electro- 
magnets are increased to increase the attractive 
force acting between the magnetic force generating 
devices and levitating magnetic members. The 
attractive force acting between the magnetic force 
generating devices and levitating magnetic mem- 
bers may be varied by moving the permanent mag- 
nets toward or away from the magnetic members, 
so that variations in the exciting currents for the 
electromagnets compensate for variations in the 
attractive force. That is, the variations in the exciting 
currents for the electromagnets may be limited to a 
small range. 

(3) Trie construction for moving the permanent 
magnets the closer to the levitating magnetic mem- 
bers with the heavier load is not limited to the con- 
struction in the foregoing embodiment but may be 
varied in many ways. The vehicle may include a 
sensor for detecting the weight of a load, and actu- 
ators for moving the permanent magnets. Then, the 
control device may be adapted to operate the actu- 
ators in response to detection information received 
from the sensor. 

(4) In converse to the foregoing embodiment, the 
electromagnets may be adapted vertically movable 
with the permanent magnets fixed to the vehicle. 
What is important is that the permanent magnets 
and electromagnets are movable relative to each 
other toward and away from the levitating magnetic 
members. 

(5) It is not absolutely necessary to vary relative 



positions between the permanent magnets and 
electromagnets automatically in response to detec- 
tion of a load weight. In the foregoing embodiment, 
for example, the control device 9 may refer to the 
5 load information transmitted from station ST to 
vehicle A through the communication units 1 1 and 
12 to determine an amount of operation of actua- 
tors and operate the actuators to move the perma- 
nent magnets. 

10 

Arte r natively, manually operable devices may be 
provided to adjust relative positions between the perma- 
nent magnets and electromagnets, to effect manual 
adjustment at a time of installation or maintenance. 

is A further embodiment will be described hereinafter. 
An unmanned transport system in this embodiment 
is operable automatically to transport loads such as 
semiconductor wafers in a cleanroom. As shown in Fig. 
9, the transport system includes a guide rail B extending 

20 along a running track of vehicles A. Each vehicle A is 
magnetically levitated and driven by a linear motor to 
run along the guide rail B as described hereinafter. A 
plurality of stations ST are arranged along the guide rail 
B, where the vehicles A may stop for loading and 

25 unloading operations. 

As shown in Figs. 14 and 15, the guide rail B has 
levitating magnetic members 3 attached to lower sur- 
faces of upper horizontal flanges thereof to be attracted 
by electromagnets acting as magnetic force generating 

30 devices 2 of each vehicle A. The electromagnets 2 are 
mounted on a lower frame 1 of the vehicle A and distrib- 
uted to four, front and rear and right and left, corners of 
the vehicle A. Each electromagnet 2 includes a U- 
shaped core 2b 1 having a pair of end faces opposed to 

35 one of the levitating magnetic members 3, and two coils 
2b2 connected in series and wound around two bobbins 
mounted on the core 2b1 . 

A magnetic flux produced by the electromagnet 2 
passes through a magnetic circuit including the core 

40 2b1 , levitating magnetic member 3, and a pair of gaps 
formed between the two end faces of the core 2b1 and 
magnetic member 3, to generate a magnetic force 
(attractive force) between the electromagnet 2 and 
magnetic member 3. As shown in Fig. 14, the levitating 

4$ magnetic members 3 are magnetized in directions sub- 
stantially at right angles to a running direction of the 
vehicle A (i.e. magnetized in right and left directions). 
Consequently, depending on directions of the magnetic 
fluxes produced by the electromagnets 2, the magnetic 

so forces acting between the electromagnets 2 and levitat- 
ing magnetic members 3 become repulsive forces. That 
is, when magnetic fluxes are produced in directions indi- 
cated by broken line arrows in Fig. 14, attractive forces 
are generated between the electromagnets 2 and levi- 

55 tating magnetic members 3. When magnetic fluxes are 
produced in directions opposite to the broken line 
arrows, repulsive forces are generated between the 
electromagnets 2 and levitating magnetic members 3. 
Each electromagnet 2 includes a gap sensor 4 dis- 
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posed centrally thereof to detect a gap between the 
vehicle A and guide rail B. The vehicle A includes a con- 
trol device operable, in response to detection informa- 
tion received from the gap sensors 4, to control exciting 
currents supplied to the electromagnets 2 to control the 5 
magnetic forces of the electromagnets 2, thereby to 
control levitation of the vehicle A above the guide rail B. 
The control by the control device will be described later. 

The guide rail B includes primary coils 5 mounted in 
the bottom thereof. Each vehicle A includes a second- 10 
ary conductor 6 supported by the lower frame 1 through 
a prop 6b. The primary coils 5 and secondary conductor 

6 constitute a linear motor for driving the vehicle A. The 
secondary conductor 6 has a magnetic plate 6a applied 
thereto. The primary coils 5 produce magnetic fields to 15 
act on the secondary conductor 6 and propel the vehicle 

A. 

The primary coils 5 are arranged at predetermined 
intervals along the guide rail B to save installation cost, 
and the vehicle A runs by inertia from one primary coil 5 20 
to another. However, the primary coils 5 are, of neces- 
sity, arranged at and adjacent each station ST to decel- 
erate the vehicle A to a standstill and to start and 
accelerate the vehicle A. 

The guide rail B includes stopping electromagnets 25 

7 arranged in positions opposed to each station ST to 
maintain the vehicle A at a standstill as magnetically lev- 
itated. The vehicle A includes stopping magnetic mem- 
bers 8 attached to the lower frame 1 to be attracted by 
the electromagnets 7. The magnetic members 8 are 30 
arranged in the front and rear and right and left corners 

of the vehicle A. Four electromagnets 7 are arranged in 
place opposite the station ST to act on the respective 
magnetic members 8. 

Thus, the vehicle A is driven, under ground control, 35 
by the ground, primary type linear motor formed of the 
primary coils 5 and secondary conductor 6, and is 
stopped at each station ST and maintained still also 
under ground control. The controls of the primary coils 5 
include deceleration, stoppage, starting and accelera- 40 
tion at and adjacent each station ST, and intermediate 
acceleration and deceleration between the stations ST 
A ground controller effect these controls by varying 
direction and frequency of magnetic fields produced 
from the primary coils 5. 45 

The vehicle A has a control device 9 mounted ther- 
eon. As shown in Fig. 16, the control device 9 has main 
functions to control, through a drive circuit 30, the excit- 
ing current supplied to the electromagnets 2, and to 
exchange information with each station ST through so 
communication units 11 and 12 by means of optical 
communication. The information exchanged includes 
information regarding the identification number and load 
conditions of the vehicle A, information regarding charg- 
ing and discharging of a battery, and information regard- 55 
ing running and stoppage of the vehicle A. 

Though not shown in Fig. 1 6, a total of four drive cir- 
cuits 30 are provided to drive the four electromagnets 2 
arranged in the front and rear and right and left comers 



of the vehicle A, respectively. The control device 9 trans- 
mits information regarding polarity and amount of the 
exciting current to each of the four drive circuits 30. The 
control device 9 also receives detection information 
from four gap sensors 4 mentioned hereinbefore. 

Based on the detection information received from 
the gap sensors 4, the control device 9 effects a feed- 
back control to vary the exciting currents supplied to the 
electromagnets 2, to secure a proper gap between the 
vehicle A and guide rail B. That is, the control device 9 
causes the attractive forces acting between the electro- 
magnets 2 and levitating magnetic members 3 to bal- 
ance the weight of the vehicle A including a load 
supported thereon. Thus, the heavier the load is, the 
greater becomes the exciting currents supplied to the 
electromagnets 2. 

The weight of the vehicle A changes suddenly 
when transferring a load from a station ST to the vehicle 
A or vice versa. As a result, the vehicle A undergoes 
transient vertical vibrations until reinstatement in a nor- 
mal, steady state in which the attractive force and 
weight are balanced. Further, the vehicle A may 
encounter vertical vibrations due to some disturbance 
during a run, particularly when carrying no load. 

In the magnetic levitation transport system of this 
embodiment, the control device 9 effects a control in 
order to damp such vibrations quickly and to prevent the 
vehicle A from moving too close to the guide rail B and 
causing the electromagnets 2 to contact the levitating 
magnetic members 3. This control will be described with 
reference to the block diagram in Fig. 17. 

Trie control device 9 includes a comparator circuit 
9a for comparing a detection value from each gap sen- 
sor 4 with a predetermined lower limit value. If the 
detection value is less than the tower limit value, that is 
if the vehicle A is too dose to the guide rail B, the control 
device 9 operates a switch circuit 9b to apply a predeter- 
mined repulsive current level to a drive circuit 30 and 
excite the electromagnet 2 with an exciting current of 
opposite polarity to normal. As a result, a magnetic flux 
is produced in the opposite direction to a broken line 
arrow in Fig. 14, to generate a repulsive force between 
the electromagnet 2 and levitating magnetic member 3. 
This repulsion generating current (i.e. the exciting cur- 
rent of opposite polarity) is a pulsed current lasting only 
a short time, and the control device 9 presently returns 
to the normal feedback control. 

In the normal feedback control where the detection 
values are above the lower limit value, the control device 
9 adjusts exciting currents of positive polarity based on 
the detection values from the gap sensors 4. Specifi- 
cally, an operational amplifier circuit 9c outputs a devia- 
tion of the detection value of each gap sensor 4 from a 
predetermined target value, to the drive circuit 30 
through the switch circuit 9b. The electromagnet 2 is 
excited by a current of positive polarity corresponding to 
the deviation. As a result, a magnetic flux is produced in 
the direction indicated by the broken line arrow in Fig. 
14, to generate an attractive force between the electro- 
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magnet 2 and levitating magnetic member 3 which bal- 
ances the weight of the vehicle A. 

This embodiment may be modified as follows: 

(1) In the described embodiment, a repulsion gen- s 
erating current level applied to the drive circuit 30 
may be varied with reference to the weight of a load 
when the detection values of the gap sensors 4 are 
below the lower limit value, i.e. when the vehicle A 
has moved too close to the guide rail B. That is, ver- 
tical vibrations of the vehicle A are damped with 
increased speed by varying the repulsive forces 
generated between the electromagnets 2 and levi- 
tating magnetic members 3 according to an inertial 
force of the load. The weight of the load may be 
included in the load information communicated 
from station ST to vehicle A, for example. 

(2) The mode of switching electrification of the elec- 
tromagnets to switch the magnetic forces gener- 
ated between the electromagnets and levitating 
magnetic members, between attractive forces and 
repulsive forces, is not limited to the polarity inver- 
sion of the exciting currents supplied to the electro- 
magnets as in the foregoing embodiment. For 
example, each electromagnet may include a pair of 
coils wound in opposite directions for selective exci- 
tation. 

(3) In the foregoing embodiment, the levitating mag- 
netic members 3 are magnetized in right and left 
directions normal to the running direction of the 
vehicle A. Instead, the magnetic members may be 
magnetized vertically so that upper/lower surfaces 
present N/S-poles. In this case, each electromag- 
net employs an l-shaped core having one of the two 
end faces opposed to the levitating magnetic mem- 
ber. 

(4) In the foregoing embodiment, the exciting cur- 
rent for the electromagnets 2 are varied based on 
the detection information from the gap sensors 4, to 
maintain a proper gap between the vehicle A and 
guide rail B. The present invention is applicable to 
what is called a zero power levitation control in 
which the exciting currents for the electromagnets 2 
are fed back, and the proper gap is varied to bring 
the exciting currents to zero steady level. That is, 
the core 2b 1 of each electromagnet 2 is formed of a 
material attracted by a levitating magnetic member 
3 in the form of a permanent magnet, and this 
attractive force is used as a steady levitating mag- 
netic force. It is also possible to use permanent 
magnets with the electromagnets 2 to obtain 
increased steady levitating magnetic forces in times 
of zero exciting current. 

A further embodiment will be described hereinafter 
Figs. 19 and 20 show a construction for levitating a 
vehicle A above a guide rail B in this embodiment. The 
guide rail B has levitating magnetic members 3 attached 
to lower surfaces of upper horizontal flanges thereof to 



be attracted by magnetic force generating devices 2 of 
the vehicle A. The magnetic force generating devices 2 
are mounted on a lower frame 1 of the vehicle A and dis- 
tributed to four, front and rear and right and left, corners 
of the vehicle A. Each magnetic force generating device 
2 includes a pair of electromagnets 2b and a permanent 
magnet 2a mounted on a yoke between the electromag- 
nets 2b. The electromagnets 2b are in the form of coils 
connected in series and supplied with a predetermined 
exciting current. 

A magnetic flux produced by the electromagnets 2b 
and permanent magnet 2a passes through a magnetic 
circuit including the permanent magnet 2a, yoke of the 
electromagnets 2b, levitating magnetic member 3, and 
a pair of gaps formed between two end faces of the 
yoke and magnetic member 3, to generate a magnetic 
force (attractive force) between the magnetic force gen- 
erating device 2 and magnetic member 3. The magnetic 
force of the permanent magnet 2a and that of the elec- 
tromagnets 2b have a mutually boosting effect where 
the permanent magnet 2a and electromagnets 2b pro- 
duce magnetic fluxes in the same direction, but attenu- 
ate each other where the magnetic fluxes are produced 
in opposite directions. 

Thus, the attractive force acting between the mag- 
netic force generating device 2 and levitating magnetic 
member 3 may he varied with respect to the magnetic 
force of the permanent magnet 2a by varying the excit- 
ing current supplied to the coils of electromagnets 2b 
between opposite polarities across zero. That is, the 
permanent magnets 2a are utilized to levitate the vehi- 
cle A while saving power consumed by the electromag- 
nets 2b. This levitation control will be described later. 

A construction for propelling the vehicle A forward 
and backward along the guide rail B will be described 
next. 

The guide rail B includes primary coils 5 mounted in 
the bottom thereof, while each vehicle A includes a sec- 
ondary conductor 6 supported by the lower frame 1 
through a prop 6b. The primary coils 5 and secondary 
conductor 6 constitute a linear motor for driving the 
vehicle A. The secondary conductor 6 has a magnetic 
plate 6a applied thereto. The primary coils 5 produce 
magnetic fields to act on the secondary conductor 6 and 
propel the vehicle A. 

The primary coils 5 are arranged at predetermined 
intervals along the guide rail B to save installation cost. 
The vehicle A receives a forward or backward thrust 
from a primary coil 5 when passing over it, and runs by 
inertia to a next primary coil 5. However, the primary 
coils 5 are, of necessity, arranged at and adjacent each 
station ST to decelerate the vehicle A to a standstill and 
to start and accelerate the vehicle A. 

The guide rail B includes stopping electromagnets 
7 arranged in positions opposed to each station ST to 
maintain the vehicle A at a standstill as magnetically lev- 
itated. The vehicle A includes stopping magnetic mem- 
bers 8 attached to the lower frame 1 to be attracted by 
the electromagnets 7. The magnetic members 8 are 
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arranged in the front and rear and right and left corners 
of the vehicle A. Four electromagnets 7 are arranged in 
place opposite the station ST to act on the respective 
magnetic members 8. 

Controls of the magnetic force generating devices 2 s 
of the vehicle A and the primary coils 5 acting as propel- 
ling force generating means will be described with refer- 
ence to Fig. 18. 

As shown in Fig. 18, a levitation control device 9 
mounted on the vehicle A controls, through a drive cir- 10 
cuit 30, the exciting current supplied to the electromag- 
net 2b, thereby to control the levitating force of the 
magnetic force generating device 2. 

The exciting current for the electromagnet 2b is fed 
back to the levitation control device 9 through a current 15 
detecting circuit 13. As shown in Fig. 19, the vehicle A 
includes gap sensors 4 each disposed centrally of the 
magnetic force generating device 2 for detecting a gap 
between the vehicle A and guide rail B. These gap sen- 
sors 4 transmit detection signals to the levitation control 20 
device 9. Though not shown in Fig. 18, the drive circuit 
30 and current detecting circuit 31 are provided for each 
magnetic force generating device 2. 

The levitation control device 9 controls the exciting 
currents for the electromagnets 2b, i.e. the levitating 25 
forces of the magnetic force generating devices 2, 
based on detection information from the current detect- 
ing circuits 13 and gap sensors 4 constituting a levitated 
state detecting device for detecting a difference 
between an actual levitated state and a predetermined 30 
proper levitated state. Specifically, the levitation control 
device 9 effects what is called a zero power levitation 
control to bring the exciting currents for the electromag- 
nets 2b to zero (predetermined proper level) in a steady 
state where the gap sensors 4 detect no variation in the 35 

gap. 

In the steady state, the vehicle A is levitated above 
the guide rail B with a gap therebetween determined 
only by the magnetic forces of the permanent magnets 
2a. The exciting currents for the electromagnets 2b are 40 
varied within a very small range between opposite 
polarities across zero when variations occur with the 
above gap. 

In the zero power levitation control, the gap in the 
steady state is variable with variations in the weight of 45 
the vehicle A including a load W. When the weight 
increases, for example, the vehicle A first sinks to 
increase the gaps detected by the gap sensors 4. Then, 
the levitation control device 9 acts to increase the excit- 
ing currents for the electromagnets 2b in a direction to so 
compensate for the increase in the gaps. Even after an 
original gap is restored, the exciting currents are 
allowed to flow to cope with the increase in the weight. 
Consequently, the electromagnets 2b are excited in a 
direction to diminish the gap, to establish a steady state 55 
in which the exciting currents become zero for a smaller 
gap than the original gap. That is, an increase in the 
weight result in a diminished gap in the steady state. 

Thus, the detection values of the gap sensors 4 in 



the steady state in which the zero power levitation is 
established correspond to state values variable with 
variations in the weight of the vehicle A, and the gap 
sensors 4 correspond to state value detecting means. 
The magnetic levitation transport system in this embod- 
iment uses these state values in controlling the forward 
or backward propelling force applied to the vehicle A, to 
realize substantially constant acceleration and deceler- 
ation regardless of the weight of the load W. 

Under the condition of a fixed forward or backward 
propelling force, acceleration (or deceleration) is varia- 
ble with variations in the weight of the vehicle A includ- 
ing the load W according to Newton's second law. This 
is undesirable since variable acceleration (or decelera- 
tion) time occurs before attaining a desired speed. Diffi- 
culties are encountered particularly in controlling 
deceleration and stoppage of the vehicle A. To eliminate 
this inconvenience, the forward or backward propelling 
force is varied in proportion to the state values corre- 
sponding to the weight of the vehicle A, to obtain con- 
stant acceleration (or deceleration) regardless of weight 
variations. This aspect will be described with reference 
to Fig. 18. 

As shown in Fig. 18, the state values detected by 
the gap sensors 4 acting as the state value detecting 
means, or more precisely state values the levitation 
control device 9 derives from the detection values of the 
gap sensors 4 in the steady state, are transmitted to a 
propelling force control device 59 through communica- 
tion units 11 and 12. The communication units 11 and 
12 are infrared type bidirectional communication units 
mounted on the vehicle A and the ground (such as each 
station ST), respectively. These communication units 
are used in exchange of the identification number of the 
vehicle A, information regarding charging and discharg- 
ing of a battery, and information regarding starting and 
stoppage of the vehicle A, as well as the above state 
values. 

The propelling force control device 59 controls 
direction and magnitude of the propelling force the pri- 
mary coils 5 acting as propelling force generating 
means apply to the vehicle A through the secondary 
conductor 6. The direction of the propelling force 
applied to vehicle A is switched by switching the direc- 
tion of magnetic fields induced by the primary coils 5. 
Thus, a forward propelling force or backward propelling 
force are selectively applied to the passing vehicle A to 
accelerate or decelerate the vehicle A. 

Since the primary coils 5 are arranged in spaced 
relations as noted hereinbefore, it is inefficient to accel- 
erate or decelerate the vehicle A by varying frequency. 
Instead of varying frequency, an AC voltage applied to 
the primary coils 5 is subjected to phase control to vary 
effective voltage, thereby varying magnitude of the pro- 
pelling force (torque). 

Propelling force control devices 59 for controlling 
intermediate accelerating primary coils 5 arranged 
between stations ST vary the effective voltage in pro- 
portion to the state values (the weight of vehicle A and 
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load W) transmitted from the vehicle A through the com- 
munication units 11 and 12. As a result, the magnitude 
of the propelling force the primary coils 5 apply to the 
vehicle A is adjusted to a proper value according to the 
weight of the load W. 5 

Similarly, a propelling force control device 59 for 
controlling a decelerating primary coil 5 disposed 
upstream of each station ST, and a propelling force con- 
trol device 59 for controlling an accelerating primary coil 
5 disposed immediately downstream of each station ST, 
also vary the effective voltage to be applied to the pri- 
mary coils 5 in proportion to the state values. In this way, 
substantially constant deceleration (or acceleration) is 
obtained regardless of variations in the weight of the 
loadW. 

A propelling force control device 59 for controlling a 
primary coil 5 opposed to each station ST effects the fol- 
lowing control in order to cause the vehicle A to stop 
smoothly at a predetermined position. Though not 
shown in Fig. 19, the vehicle A includes a slit plate (ref- 
erenced 56 in Fig. 18) elongated in the fore and aft 
direction and mounted laterally of the lower frame 1 , 
while the guide rail B includes an optical sensor (photo 
interrupter) 57 having a light emitter and a light receiver 
defining a space therebetween through which the slit 
plate is movable. The slit plate defines slits for allowing 
passage of light of the optical sensor therethrough and 
non-slit portions for shielding the tight, which are 
arranged alternately at fixed intervals. The slit plate and 
optical sensor 57 constitute a linear encoder. 

A position/speed detecting device 58 included in a 
control device of each station ST derives a current posi- 
tion and current speed of the vehicle A from a detection 
signal received from the optical sensor 57, and applies 
this information to the propelling force control device 59. 
Based on the current position and speed of the vehicle 
A, the propelling force control device 59 controls the 
effective voltage applied to the primary coil 5 to slow 
down the vehicle A gradually to be at creep speed a little 
before a stopping position. That is, the effective voltage 
applied to the primary coil 5 is gradually lowered based 
on a distance from the current position to the stopping 
position and a difference between the current speed 
and a predetermined proper speed. When a current 
position of the vehicle A decelerated to creep speed 
agrees with the stopping position, the stopping electro- 
magnets 7 mentioned hereinbefore are excited to hold 
the vehicle A at the stopping position. 

In the above stopping control also, the effective volt- 
age applied to the primary coil 5 must be varied in pro- 
portion to the state values corresponding to the vehicle 
A including the load W. In practice, this is achieved by 
varying, by degrees and according to the state values, 
gain in feedback control of the effective voltage applied 
to the primary coil 5, based on a difference between the 
proper speed and current speed. 

This embodiment may be modified as follows: 

(1) The levitation control in the above embodiment 



is what is called zero power control to bring the 
exciting currents for the electromagnets to zero in 
the steady state. The present invention is not lim- 
ited such control, but may allow certain exciting cur- 
rents to flow to the electromagnets in the steady 
state. This is a control for maintaining energy sup- 
plied to the magnetic force generating devices at a 
predetermined proper value. 

(2) The invention is applicable where a levitation 
control is effected to control the levitating force of 
the magnetic force generating devices to secure a 
predetermined proper gap between the vehicle and 
guide rail despite variations in the weight of the load 
(and vehicle A). This is a case where the levitation 
control device 9 controls the exciting currents sup- 
plied to the electromagnets 2b based on a differ- 
ence between the predetermined proper gap and 
the gap detected by the gap sensors 4 acting as 
levitated state detecting means. In this case, the 
current detecting circuits 13 correspond to the state 
value detecting device for detecting the levitating 
force of the magnetic force generating device, and 
detect state values (exciting current levels) corre- 
sponding to the weight of the load (and the vehicle). 

(3) The state value detecting device for detecting 
state values variable with variations in the weight of 
the vehicle does not have to use the gap sensors 4 
and current detecting circuits 13 constituting the 
levitated state detecting device. The state value 
detecting device may employ gap sensors and the 
like provided specially for this purpose. 

(4) Instead of providing communication units 12 for 
all positions where the primary coils are installed as 
in the foregoing embodiment, the communication 
units 12 may be provided only for the stations ST. 
Then, the state values transmitted from the vehicle 
A to each station ST may be transferred to the pro- 
pelling force control devices of the primary coils 
adjacent to this station ST. 

(5) Instead of deriving a weight from the state val- 
ues detected in the predetermined proper levitated 
state as in the foregoing embodiment, a weight may 
be derived from state values detected during a tran- 
sitional control process to the predetermined 
proper levitated state. That is, a variation in the gap 
resulting from a unit amount increase in the levitat- 
ing force increases or decreases according to a 
weight, and therefore the weight may be derived 
from such variation. 

As an alternative to the claimed arrangement the 
magnetic force generating devices and control devices 
therefor, and the state value detecting devices, may be 
installed on the ground. 

Claims 

1 . A magnetic levitation transport system comprising : 
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a magnetic levitation vehicle (A); 

lines (L) extending through predetermined 
blocks of a running track (B) of said vehicle to 
transmit a high frequency sine-wave current 
threrethrough, said lines (L) being included in 
induction line units (X) installed in said prede- 
termined blocks and extending along inner 
walls of a guide rail (B); 
- wherein said vehicle is driven by a linear motor 
(5, 6), and includes levitation magnetic force 
generating means (2) to attract levitating mag- 
netic members (3) extending along said run- 
ning track (B), a pickup coil (19) resonant with 
a frequency of said lines (L) to generate an 
electromotive force, and a battery chargeable 
by said pickup coil, said levitating magnetic 
force generating means receiving power from 
said pickup coil and/or said battery. 

2. A magnetic levitation transport system as defined in 
claim 1, wherein said vehicle further includes a 
power receiving unit (23) connecting said pickup 
coil (19) to said levitating magnetic force generating 
means (2), and a battery (10) connected to said 
power receiving unit (23), with said power receiving 
unit (23) receiving power from only said pickup coil 
(19) and both charging said battery (10) and sup- 
plying power to said levitating magnetic force gen- 
erating means (2) when said pickup coil (19) is 
generating an electromotive force, and with said 
power receiving unit (23) receiving power from only 
said battery (10) and supplying power to said levi- 
tating magnetic force generating means (2) when 
said pickup coil (19) is generating no electromotive 
force. 

3. A magnetic levitation transport system as defined in 
claim 2, wherein each of said induction line units (X) 
includes, besides one of said lines (L), an elongate 
plate-like aluminium bracket (14) extending along 
said guide rail (B), and pairs of upper and lower hor- 
izontal hangers (14a) supported by said bracket 
(14) and arranged at predetermined intervals along 
said guide rail (B), and a pair of plastic ducts (14b) 
attached to distal ends of said hangers (14a) and 
extending along said guide rail (B). 

4. A magnetic levitation transport system as defined in 
claim 3, wherein each of said lines (L) is a strand 
wire formed of thin insulated wires and connected 
to one of said ducts, and covered with an insulator. 

5. A magnetic levitation transport system as defined in 
claim 1, wherein said levitating magnetic force gen- 
erating means (2) comprises electromagnets (2b), 
said battery (10) supplying power to said electro- 
magnets (2b) in portions of said running track (B) 
destitute of said lines (L). 



6. A magnetic levitation transport system as defined in 
claim 1, wherein said levitating magnetic force gen- 
erating means (2) includes electromagnets (2b) 
and permanent magnets (2a). 

5 

7. A magnetic levitation transport system as defined in 
claim 6, further comprising control means for con- 
trolling a magnetic force of said levitating magnetic 
force generating means (2). 

10 

8. A magnetic levitation transport system as defined in 
claim 6 or 7, wherein said electromagnets (2b) and 
said permanent magnets (2a) are arranged oppo- 
site said levitating magnetic members (3), so that 

is the permanent magnets (2a) are not incorporated 
into the magnetic circuits of the electromagnets. 

9. A magnetic levitation transport system as defined in 
claim 6 or 7, wherein each of said permanent mag- 

20 nets (2a) is formed cylindrical to surround one of 
said electromagnets (2b). 

1 0. A magnetic levitation transport system as defined in 
claim 9, wherein each of said electromagnets 

25 includes a coil (2b2) mounted centrally of a yoke 
(2b1), and a pair of said cylindrical permanent mag- 
nets (2a) are fixedly mounted on said yoke. 

1 1 . A magnetic levitation transport system as defined in 
30 claim 9. wherein each of said electromagnets (2b) 

includes a coil (2b2) mounted centrally of a yoke 
(2b1) having thin opposite ends, and a pair of said 
cylindrical permanent magnets (2a) are fixedly 
mounted on said thin opposite ends. 

35 

1 2. A magnetic levitation transport system as defined in 
claim 9, wherein a pair of said electomagnets (2b) 
share a yoke (2b1) having opposite ends defining 
cylindrical recesses centrally thereof in which said 

40 cylindrical permanent magnets (2a) are securely fit- 
ted, respectively. 

1 3. A magnetic levitation transport system as defined in 
claim 9, wherein a pair of said electromagnets (2b) 

45 share a yoke (2b1) having opposite ends defining 
semicylindrical cutouts in which semicylindrical per- 
manent magnets (2a) are securely fitted, respec- 
tively. 

so 14. A magnetic levitation transport system as defined in 
claim 7, further comprising adjusting means (C) for 
adjusting relative positions between said perma- 
nent magnets (2a) and said electromagnets (2b) in 
directions toward and away from said levitation 

55 magnetic members (3). 

1 5. A magnetic levitation transport system as defined in 
claim 14, wherein said adjusting means (C) is auto- 
matically operable to move said permanent mag- 
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nets (2a) relative to said electromagnets (2b) the 
closer to said levitating magnetic members (3) with 
the heavier load (W) placed on said vehicle (A). 

1 6. A magnetic levitation transport system as defined in 
claim 14, wherein said vehicle (A) further includes 
gap detecting means (4) for detecting a gap 
between said vehicle (A) and said guide rail (8), 
said control means (9) being operable to control 
said magnetic force such that a value detected by 
said gap detecting means become a predetermined 
value. 

1 7. A magnetic levitation transport system as defined in 
claim 14, wherein said vehicle (A) further includes 
current detecting means (13) for detecting the excit- 
ing currents supplied to said electromagnets (2b), 
said control means (9) being operable, in response 
to detection information received from said current 
detecting means (13), to control said magnetic 
force such that said exciting currents become zero 
steady level. 

1 8. A magnetic levitation transport system as defined in 
claim 1, wherein said levitating magnetic force gen- 
erating means (2) includes a plurality of electro- 
magnets (2b) and said levitating magnetic 
members are magnetized substantially at right 
angles to a running direction of said vehicle (A), 
said vehicle further including control means for con- 
trolling magnetic forces of said electromagnets 
(2b), said control means being operable to control 
electrification of said electromagnets (2b) such that 
magnetic forces acting between said electromag- 
nets (2b) and said levitating magnetic members (3) 
are switched between attractive forces and repul- 
sive forces. 

1 9. A magnetic levitation transport system as defined in 
claim 18. wherein each of said electromagnets (2b) 
includes a gap sensor (4) mounted centrally thereof 
to detect a gap between said vehicle and said guide 
rail. 

20. A magnetic levitation transport system as defined in 
claim 1 , further comprising levitated state detecting 
means (9a) for detecting a difference between a 
predetermined proper levitated state and an actual 
levitated state provided by a levitating force of said 
levitating magnetic force generating means (2), lev- 
itation control means (9b) operable in response to 
detection information received from said levitated 
state detecting means (9a) to control the levitating 
force of said levitating magnetic force generating 
means (2), thereby to maintain said predetermined 
proper levitated state, propelling force generating 
means (5) for applying a forward or backward pro- 
pelling force to said vehicle along said guide rail, 
and propelling force control means (59) for control- 



ling said propelling force generating means. 

21 . A magnetic levitation transport system as defined in 
claim 20, further comprising state value detecting 

5 means for detecting a state value variable with var- 
iations in weight of said vehicle (A), said propelling 
force control means (59) being operable in 
response to detection information received from 
said state value detecting means to control said for- 

10 ward or backward propelling force. 

22. A magnetic levitation transport system as defined in 
claim 20, wherein said levitated state detecting 
means (4) is operable to detect a difference 

15 between a predetermined proper gap and an actual 
gap between said vehicle (A) and said guide rail 
(B), said levitation control means (59) is operable to 
control the levitating force of said levitating mag- 
netic force generating means to bring said actual 

20 gap to said proper gap. and said state value detect- 
ing means (4) is operable to detect the levitating 
force of said levitating magnetic force generating 
means (2). 

25 23. A magnetic levitation transport system as defined in 
claim 20, wherein said levitated state detecting 
means is operable to detect a difference between a 
predetermined proper value and energy supplied to 
said levitating magnetic force generating means, 

30 and variations in a gap between said vehicle (A) 
and said guide rail (B), said levitation control means 
(59) is operable to control the levitating force of said 
levitating magnetic force generating means (2) to 
bring said energy supplied to said magnetic force 

35 generating means (2) to said predetermined proper 
value in the absence of variations in said gap, and 
said state value detecting means (4) is operable to 
detect said gap. 

40 24. A magnetic levitation transport system as defined in 
claim 20, wherein said levitated state detecting 
means includes current detecting circuits (13) and 
gap sensors (4), the levitating force of said mag- 
netic force generating means being controllable 

45 based on detection information from said gap sen- 
sors (4). 

PatentansprQche 

so 1 . Ein magnetisches Schwebetransportsystem mit: 

einem Magnetschwebefahrzeug (A); 
- Leitungen (L), die sich durch vorbestimmte 
Bldcke einer Laufschiene (B) fur das genannte 
55 Fahrzeug erstrecken, urn eine hochfrequente 

sinusfdrmige Spannung hierdurch zu ubertra- 
gen, wobei die Leitungen (L) eingeschlossen 
sind in Induktionsleitungseinheiten (X), die in 
den genannten vorbestimmten BlOcken instal- 
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liert sind und sich entiang der inneren Wande 
der Fuhrungsschienen (B) erstrecken; 

wobei das genannte Fahrzeug angetrieben 
wird durch einen Linearmotor (5, 6) und 
Magnetschwebekr&fte erzeugende Mittel (2) 
umfaBt, um Magnetschwebeteile (3) anzuzie- 
hen, die sich entiang der genannte Lauf- 
schiene (6) erstrecken, und eine 
Aufnahmespule (19), die mit einer Frequenz 
der genannten Leitungen (L) resonant ist, um 
eine elektromotorische Kraft zu erzeugen, und 
eine Batterie, die durch die genannte Aufnah- 
mespule ladbar ist, wobei die genannten 
Magnetschwebekrafte erzeugenden Mittel 
Energie erhaHen von der genannten Aufnah- 
mespule und/oder der genannten Batterie. 

2. Magnetschwebetransportsystem gemaB Anspruch 
1. 

wobei das genannte Fahrzeug weiterhin eine Ener- 
gieaufnahmeeinheit (23) umfaBt, die die genannte 
Aufnahmespule (19) mit den genannten Magnet- 
schwebekrafte erzeugenden Mittein (2) verbindet, 
sowie eine Batterie (10), die mit der genannten 
Energieaufnahmeeinheit (23) verbunden ist, wobei 
die genannte Energieaufnahmeeinheit (23) nur von 
der genannten Aufnahmespule (19) Energie erhalt 
und beide die genannte Batterie (10) laden und 
Energie an die genannten Magnetschwebekrafte 
erzeugenden Mittel (2) liefern, wenn die genannte 
Aufnahmespule (19) eine elektromotorische Kraft 
erzeugt und wobei die genannte Energieaufnahme- 
einheit (23) nur von der genannten Batterie (10) 
Energie erhalt und Energie an die genannten 
Magnetschwebekrafte erzeugenden Mittel (2) lie- 
fed, wenn die genannte Aufnahmespule (19) keine 
elektromotorische Kraft erzeugt. 

3. Ein Magnetschwebetransportsystem gemaB 
Anspruch 2, 

wobei jede der genannten Induktionsleitungsein- 
heiten (X) neben einer der besagten Leitungen (L) 
eine langliche plattenartige Aluminiumkiammer 
(14) umfaBt, die sich entiang der genannten FOh- 
rungsschiene (B) erstreckt. sowie Paare von obe- 
ren und unteren horizontalen HSngelagern (14a), 
die durch die genannten Klammern (14) gestutzt 
werden und in vorbestimmten Intervallen entiang 
der genannten Fuhrungsschiene (B) angeordnet 
sind, sowie einem Paar von Plastikrinnen (14b), die 
am auBeren Ende der genannten Hangelager (14a) 
befestigt sind und sich entiang der genannten Fuh- 
rungsschiene (B) erstrecken. 

4. Ein Magnetschwebetransportsystem gemaB 
Anspruch 3, 

wobei jede der genannten Leitungen (L) ein Litzen- 
draht ist, der aus dunnen isolierten Drdhten herge- 
stellt ist und mit einer der genannten Rinnen 



verbunden ist und mit einem Isolator abgedeckt ist. 

5. Ein Magnetschwebetransportsystem gemaB 
Anspruch 1 , 

5 wobei das genannten Magnetschwebekraft erzeu- 
gende Mittel (2) Elektromagnete (2b) umfaBt, wobei 
die genannte Batterie (10) die genannten Elektro- 
magneten (2b) in Abschnitten der Laufschiene (B) 
ohne die genannten Leitungen (L) mit Energie ver- 

w sorgt. 

6. Ein Magnetschwebetransportsystem gemaB 
Anspruch 1 , 

wobei das Magnetschwebekraft erzeugende Mittel 
is (2) Elektromagnete (2b) und Permanentmagnete 
(2a) umfaBt. 

7. Ein Magnetschwebetransportsystem gemaB 
Anspruch 6, 

20 das weiterhin Steuermittel umfaBt zur Steuerung 
einer Magnetkraft des genannten. Magnetschwe- 
bekraft erzeugenden Mittels (2). 

8. Ein Magnetschwebetransportsystem gemdB 
25 Anspruch 6 oder 7, 

wobei die genannten Elektromagneten (2b) und die 
genannten Permanentmagneten (2a) gegenQber 
der genannten Magnetschwebeteile (3) angeordnet 
sind. so daB die Permanentmagneten (2a) nicht 
30 integriert sind in den magnetischen Kreis der Elek- 
tromagnete. 

9. Ein Magnetschwebetransportsystem gemdB 
Anspruch 6 oder 7, 

35 wobei jede der genannten Permanentmagneten 
(2a) zylindrisch ausgebildet ist, um einen der 
genannten Elektromagneten (2b) zu umgeben. 

10. Ein Magnetschwebetransportsystem gemaB 
40 Anspruch 9, 

wobei jede der genannten Elektromagnete (2b) 
eine Spule (2b2) umfaBt, die zentral an einem Joch 
(2b 1) montiert ist, und ein Paar der genannten 
zylindrischen Permanentmagnete (2a) fest an dem 
45 besagten Joch montiert sind. 

11. Ein Magnetschwebetransportsystem gemaB 
Anspruch 9, 

wobei jede der genannten Elektromagnete (2b) 
so eine Spule (2b2) umfaBt, die zentral an einem Joch 
(2b 1) befestigt ist, das dunne entgegengesetzt lie- 
gende Enden hat. und ein Paar der genannten 
zylindrischen Permanentmagnete (2a) fest an den 
genannten dunnen entgegengesetzt liegenden 
55 Enden befestigt sind. 

12. Ein Magnetschwebetransportsystem gemaB 
Anspruch 9, 

wobei ein Paar der genannten Elektromagneten 
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(2b) ein Joch (2b1) teilen, das entgegengesetzt lie- 
gende Enden mit zentralen zylindrischen Ausneh- 
mungen hat, indenendie zylindrischen Permanent- 
magnete (2a) entsprechend sicher befestigt sind. 

13. Ein Magnetschwebetransportsystem gemaB 
Anspruch 9, 

wobei ein Paar der genannten Elektromagneten 
(2b) ein Joch (2b1) teilen, das entgegengesetzt lie- 
gende Enden mit halbkreisfdrmigen Ausschnrtten 
hat, in denen halbzylindrische Permanentmagnete 
(2a) entsprechend sicher befestigt sind. 

14. Ein Magnetschwebetransportsystem gemaB 
Anspruch 7, 

weiterhin umfassend Justiermittel (C) zur Justage 
der relativen Position zwischen den genannten Per- 
manentmagneten (2a) und den genannten Elektro- 
magneten (2b) in Richtung zu und weg von den 
genannten Magnetschwebeteilen (3). 

15. Ein Magnetschwebetransportsystem gemaB 
Anspruch 14, 

wobei das genannten Justiermittel (C) automatisch 
betatigbar ist, urn die genannten Permanentma- 
gneten (2a) relativ zu den genannten Elektroma- 
gneten (2b) zu bewegen, urn so enger an die 
genannten Magnetschwebeteile (3) je schwerer die 
Last (W) ist, die auf dem genannten Fahrzeug (A) 
abgesetzt ist. 

16. Ein Magnetschwebetransportsystem gem&B 
Anspruch 14, 

wobei das genannte Fahrzeug (A) weiterhin Spalt- 
feststellmittel (4) aufweist zur Feststellung eines 
Spaltes zwischen dem genannten Fahrzeug (A) 
und der genannten Fuhrungsschiene (B), wobei die 
genannten Steuermittel (9) betatigbar sind, um die 
genannten Magnetkrafte so zu steuern, daB ein 
durch die Spaltfeststellmittel ermittelter Wert ein 
vorbestimmter Wert wird. 

17. Ein Magnetschwebetransportsystem gemaB 
Anspruch 14, 

wobei das genannte Fahrzeug (A) weiterhin Strom- 
feststellmittel (13) umfaBt zur Feststellung des 
Erregerstroms, der an die genannten Elektroma- 
gneten (2b) geliefert wird, wobei die genannten 
Steuermittel (9) betatigbar sind in Erwtderung auf 
einen MeBwert. der von den genannten Stromfests- 
tellmitteln (13) geliefert wurde, um die genannten 
Magnetkrafte so zu steuern, daB die ErregerstrOme 
einen stabilen Nullzustand erreichen. 

18. Ein Magnetschwebetransportsystem gemaB 
Anspruch 1 , 

wobei die genannten Magnetschwebekraft erzeu- 
genden Mittel (2) eine Vielzahl von Elektromagne- 
ten (2b) umfassen und die genannten Magnet- 



schwebeteile im wesentlichen im rechten Winkel zu 
einer Laufrichtung des genannten Fahrzeuges (A) 
magnetisiert werden, wobei das Fahrzeug weiterhin 
Steuermittel umfaBt zur Steuerung der Magnet- 

5 krafte der genannten Elektromagnete (2b), wobei 
die genannten Steuermittel betatigbar sind, um 
eine Elektrifizierung der genannten Elektroma- 
gnete (2b) zu steuern, so daB die Magnetkrafte, die 
zwischen den Elektromagneten (2b) und den 

ro genannten Magnetschwebeteilen (3) wirken, zwi- 
schen anziehenden und abstoBenden Kraften 
umgeschaltet werden. 

19. Ein Magnetschwebetransportsystem gemaB 
15 Anspruch 18, 

wobei jede der genannten Elektromagneten (2b) 
einen Spaltsensor (4) umfaBt, der zerrtral daran 
montiert ist, um einen Spalt zwischen dem genann- 
ten Fahrzeug und der genannten Fuhrungsschiene 
20 festzustellen. 

20. Ein Magnetschwebetransportsystem gemaB 
Anspruch 1 , 

weiterhin umfassend Mittel (9a) zur Feststellung 

25 des Schwebezustands, zur Feststellung einer Diffe- 
renz zwischen einem vorbestimmten ordentlichen 
Schwebezustand und einem tatsdchlichen Schwe- 
bezustand, der durch eine Schwebekraft der 
genannten Magnetschwebekraft erzeug enden Mit- 

30 tel (2) bewirkt wird, Schwebesteuermittel (9b), die 
betatigbar sind in Reaktion auf die ermittelten 
Werte, die von den genannten Mitteln (9a) zur Fest- 
stellung des Schwebezustands erhalten werden, 
um die Schwebekrafte der genannten Magnet- 

35 schwebekrafte erzeugenden Mittel (2) zu steuern, 
wodurch der genannte vorbestimmte ordentliche 
Schwebezustand beibehalten wird, sowie Mittel (5) 
zur Erzeugung einer Antriebskraft, um eine 
Antriebskraft auf das genannte Fahrzeug entlang 

40 der FOhrungsschiene aufzubringen, und Antriebs- 
kraftsteuermittel (59) zur Steuerung der genannten 
Mittel zur Erzeugung einer Antriebskraft. 

21. Ein Magnetschwebetransportsystem gemaB 
45 Anspruch 20, 

weiterhin umfassend ein Zustandswertermittlungs- 
mittel zur Feststellung eines Zustandswertes, der 
sich mit der Anderung des Gewichts des genannten 
Fahrzeugs (A) verandert, wobei die genannten 
so Antriebskraftsteuermittel (59) betatigbar sind in 
Reaktion auf die MeBinformationen, die von den 
genannten Zustandswertermittlungsmitteln gelie- 
fert werden, um die genannten Vorwarts- oder 
Ruckwarts-Antriebskrafte zu steuern. 

55 

22. Ein Magnetschwebetransportsystem gemaB 
Anspruch 20, 

wobei das besagte Mittel (4) zur Feststellung des 
Schwebezustands betatigbar ist zur Feststellung 
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eines Unterschiedes zwischen einem vorgegebe- 
nen ordentlichen Spalt und einem tatsdchlichen 
Spalt zwischen dem genannten Fahrzeug (A) und 
der genannten FOhrungsschiene (B), wobei das 
genannte Schwebesteuermittel (59) betatigbar ist, 
um die Schwebekrdfte der genannten Magnet- 
schwebekraft erzeugenden Mittel (2) zu steuern, 
um den genannten tatsdchlichen Spalt zu dem rich* 
tigen SpaltmaG zu bringen, und das genannte Mit- 
tel (4) zur Feststellung des Zustandwertes 
betatigbar ist, um die Schwebekraft der genannten 
Magnetschwebekraft erzeugenden Mittel (2) festzu- 
stellen. 



dans iequel ledit v6hicule est entratna par un 
moteur Iin6aire (5, 6) et inclut des moyens (2) 
pour g£n£rer une force magnntique de Invita- 
tion destines a attirer des 6t6ments de I6vita- 

5 tion magnntique (3) s'&endant le long de ladite 

trajectoire de circulation (B), une bobine explo- 
ratrice (19) resonant a une frequence desdites 
lignes (L) pour gnnnrer une force niectromo- 
trice, et une batterie chargeable par ladite 

10 bobine exploratrice, lesdits moyens pour g6n6- 

rer une force magnntique de Invitation ntant ali- 
ments en puissance depuis ladite bobine 
exploratrice et / ou ladite batterie. 



23. Ein Magnetschwebetransportsystem gemaB 
Anspruch 20, 

wobei das genannte Mittel zur Feststellung des 
Schwebezustandes betatigbar ist, um einen Unter- 
schied zwischen einem vorgegebenen richtigen 
Wert und der Energie, die an die genannten 
Magnetschwebekraft erzeugenden Mittel geliefert 
wird, festzustellen, und Abweichungen in einem 
Spalt zwischen dem genannten Fahrzeug (A) und 
der genannten FOhrungsschiene (B), wobei das 
genannte Schwebesteuermittel (59) betatigbar ist, 
um die Schwebekraft der genannten Magnet- 
schwebekraft erzeugenden Mittel (2) zu steuern, 
um die genannte Energie, die an die Magnetkraft 
erzeugenden Mittel (2) geliefert wird, auf den 
genannten vorbestimmten richtigen Wert einzustel- 
len bei der Abwesenheit von Veranderungen des 
genannten Spalt es, und wobei die genannten 
Zustandswerterkennungsmittel (4) betatigbar sind, 
um diesen Spalt festzustellen. 

24. Ein Magnetschwebetransportsystem gemaB 
Anspruch 20, 

wobei das genannte Mittel zur Feststellung des 
Schwebezustandes Stromerkennungskreise (13) 
und Spaltsensoren (4) umfaBt, wobei die Schwebe- 
kraft der Magnetkraft erzeugenden Mittel (2) steu- 
erbar sind, basierend auf der MeRirrformation von 
den genannten Spaltsensoren (4). 

Revendications 

1 . Systame de transport a Invitation magnntique com- 
prenant : 

un v6hicule (A) a Invitation magnntique ; 
- des lignes (L) s'6tendant a travers des blocs 
pr6d6termin6s d'une trajectoire de circulation 
(B) dudit v6hicule pour transmettre un courant 
sinusoidal a haute frequence a travers celui-ci, 
lesdites lignes (L) ntant incluses dans des uni- 
tes de lignes deduction (X) instances dans 
lesdits blocs pr6d6termin§s et s'&endant le 
long de parois internes dun rail de guidage (B) 
» 



15 2. Systame de transport a Invitation magnntique selon 
la revendication 1, dans Iequel ledit vnhicule inclut 
ngaiement une unitn de reception de puissance 
(23) reliant ladite bobine exploratrice (19) auxdits 
moyens (2) pour ganger une force magnntique de 

20 invitation, et une batterie (10) relive a ladite unitn 
de reception de puissance (23), ladite unitn de 
rnception de puissance (23) ntarrt alimentne en 
puissance uniquement depuis ladite bobine explo- 
ratrice (19) et chargeant toutes les deux ladite bat- 

25 terie (19) et alimentant en puissance lesdits 
moyens (2) pour gnnnrer une force magnntique de 
invitation lorsque ladite bobine exploratrice (19) 
gnnnre une force niectromotrice, et ladite unitn de 
rnception de puissance (23) ntant alimentne en 

30 puissance uniquement depuis ladite batterie (1 0) et 
alimentant en puissance lesdits moyens (2) pour 
gnnnrer une force magnntique de invitation lorsque 
ladite bobine exploratrice (19) ne gnnnre aucune 
force niectromotrice. 

35 

3. Systame de transport a invitation magnntique selon 
la revendication 2, dans Iequel chacune desdites 
unitns de ligne d'induction (X) inclut, outre Tune des 
lignes (L), une patte (14) en aluminium en forme de 

40 plaque allongne s'ntendant le long dudit rail de gui- 
dage (B). des paires de paliers suspendus (14a) 
horizontaux sup6rieur et infnrieur supports par 
ladite patte (1 4) et disposes a des intervalles pr&te- 
terminns le long dudit rail de guidage (B) et une 

45 paire de conduits en plastique (1 4b) f ixns aux extrn- 
mitns distales desdits paliers suspendus (14a) et 
s'ntendant le long dudit rail de guidage (B). 

4. Systame de transport a invitation magnntique selon 
so la revendication 3, dans Iequel chacune desdites 

lignes (L) est un f il torsade formn de fins f ils isoins 
relin a Tun desdits conduits et recouvert d'une 
matiare isolante. 

55 5. Systame de transport a invitation magnntique selon 
la revendication 1, dans Iequel lesdits moyens (2) 
pour gnnnrer une force magnntique de invitation 
comprennent des niectro-aimants (2b), ladite batte- 
rie (10) alimentant en puissance lesdits niectro- 
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aimarrts (2b) dans des portions de ladite trajectoire 
de circulation (B) 6!oign6es desdites lignes (L). 

6. Systnme de transport k Invitation magnntique selon 
la revendication 1, dans lequel lesdits moyens (2) 
pour g£n£rer une force magnntique de Invitation 
comprennent des niectro-aimants (2b) et des 
aimants permanents (2a). 

7. Systeme de transport k invitation magnntique selon 
la revendication 6, comprenant ngalement des 
moyens de contrdie destines k contrGler une force 
magnntique desdits moyens (2) pour g6n6rer une 
force magnntique de Invitation. 

8. Systems de transport k Invitation magnntique selon 
la revendication 6 ou 7, dans lequel lesdits niectro- 
aimants (2b) et lesdits aimants permanents (2a) 
sont disposes k I'opposn desdits moments de invi- 
tation magnntique (3), de sorte que les aimants 
permanents (2a) ne sont pas incorpor£s dans les 
circuits magnntiques des niectro-aimants. 

9. Systems de transport k invitation magnntique selon 
la revendication 6 ou 7, dans lequel chacun desdits 
aimants permanents (2a) est cylindrique de 
manure k entourer Tun desdits nieftro-aimants 
(2b). 

1 0. Systnme de transport k invitation magnntique selon 
la revendication 9, dans lequel chacun desdits 
niectro-aimants inclut une bobine (2b2) montee au 
centre d'un ntrier (2b1) et une paire desdits aimants 
permanents cylindriques (2a) est mont6e de 
manure inamovible sur ledit ntrier. 

1 1 . Systnme de transport k invitation magnntique selon 
la revendication 9, dans lequel chacun desdits 
niectro-aimants (2b) inclut une bobine (2b2) mon- 
tne au centre d'un ntrier (2b 1 ) prnsentant des extrn- 
mitns opposnes fines, et une paire desdits aimants 
permanents cylindriques (2a) est montne de 
manure inamovible sur lesdites extrnmitns oppo- 
snes fines. 

1 2. Systnme de transport k invitation magnntique selon 
la revendication 9, dans lequel une paire desdits 
niectro-aimants (2b) partage un ntrier (2b1) prnsen- 
tant des extrnmitns opposnes dnfinissant des nvi- 
dements cylindriques au centre de celles-ci dans 
lesquels lesdits aimants permanents (2a) sont f ixns 
de manure inamovible, respectivemertt. 

1 3. Systnme de transport k invitation magnntique selon 
la revendication 9, dans lequel une paire desdits 
niectro-aimants (2b) partage un ntrier (2b1) prnsen- 
tant des extrnmitns opposnes dnfinissant des 
dncoupes semi-cylindriques dans lesquelles des 
aimants permanents (2a) semi-cylindriques sont 



f ixns de maninre inamovible, respectivement. 

14. Systnme de transport k invitation magnntique selon 
la revendication 7, comprenant ngalement des 

5 moyens de rnglage (C) destinns k rngler les posi- 
tions relatives entre lesdits aimants permanents 
(2a) et lesdits niectro-aimants (2b) dans des direc- 
tions allant vers et s'nioignant desdits moments de 
invitation magnntique (3). 

10 

15. Systnme de transport k invitation magnntique selon 
la revendication 14, dans lequel lesdits moyens de 
rnglage (C) peuvent §tre actionnns automatique- 
ment pour dnplacer lesdits aimants permanents 

is (2a) par rapport auxdits niectro-aimants (2b) le plus 
prns desdits moments de invitation magnntique (3), 
la charge la plus lourde ntant placne sur ledit v£hi- 
cule (A). 

20 16. Systnme de transport k invitation magnntique selon 
la revendication 14, dans lequel ledit vnhicule (A) 
inclut ngalement des moyens de detection 
d'espace (4) destinns k dntecter un espace entre 
ledit vnhicule (A) et ledit rail de guidage (B), lesdits 

25 moyens de contrOle (9) servant k contrdler ladite 
force magnntique, de telle sorte qu'une valeur 
dntectne par lesdits moyens de dntection d'espace 
devient une valeur prndnterminne. 

30 1 7. Systnme de transport k invitation magnntique selon 
la revendication 14, dans lequel (edit vnhicule (A) 
inclut ngalement des moyens de dntection de cou- 
rarrt (13) destinns k dntecter les courants d'excita- 
tion alimentant lesdits niectro-aimants (2b), lesdits 

35 moyens de contrfile (9) servant, en rnponse aux 
donnnes de dntection regues depuis lesdits 
moyens de dntection du courant (13), k contrGler 
ladite force magnntique, de telle sorte que les cou- 
rants d'excitation sont k un niveau de stability z6ro. 

40 

18. Systnme de transport k invitation magnntique selon 
la revendication 1, dans lequel lesdits moyens (2) 
pour gnnnrer une force magnntique de invitation 
comprennent plusieurs niectro-aimants (2b) et les- 

45 dits nmments de invitation magnntique sont magnn- 
tisns essentiellement k angle droit par rapport k 
une direction de circulation dudit vnhicule (A), ledit 
vnhicule induant ngalement des moyens de con- 
trdle destinns k contrdler les forces magnntiques 

so desdits niectro-aimants (2b), lesdits moyens de 
contrOle servant k corrtrOler Electrification desdits 
niectro-aimants (2b), de sorte que les forces 
magnntiques agissant entre lesdits niectro-aimants 
(2b) et lesdits nmments de invitation magnntique 

55 (3) sont commutnes entre des forces attractives et 
des forces rnpulsives. 

1 9. Systnme de transport k invitation magnntique selon 
la revendication 18, dans lequel chacun desdits 
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electro-aimants (2b) inctut un detecteur d'espace 
(4) morrte au centre de ceux-ci pour detecter un 
espace entre ledit vehicule et (edit rail de guidage. 

20. Systems de transport a Invitation magnetique selon 5 
la revindication 1, comprenant egalement des 
moyens (9a) destines a detecter une difference 
entre un etat de levitation propre predetermine et 
un etat de levitation reel genere par une force de 
Invitation desdits moyens (2) pour generer une 10 
force magnetique de levitation, des moyens de con- 
trdle de levitation (9b) servant, en reponse aux don- 
nees de detection regues depuis lesdits moyens de 
detection d'etat de levitation (9a), a contr6ler la 
force de levitation desdits moyens (2) pour generer 15 
une force magnetique de levitation pour ainsi main- 
ten ir ledit etat de levitation propre predetermine, 
des moyens (5) pour generer une force de propul- 
sion destines a appliquer une force de propulsion 
vers ravant ou vers I'arriere audit vehicule le long 20 
dudit rail de guidage, et des moyens (59) pour con- 
trdler une force de propulsion destines a contrdler 
lesdits moyens pour generer une force de propul- 
sion. 

25 

21 . Systeme de transport a levitation magnetique selon 
la revendication 20, comprenant egalement des 
moyens de detection de valeur d'etat destines a 
detecter une valeur d'etat variable en fonction des 
variations de poids dudit vehicule (A), lesdits 30 
moyens (59) pour contrdler une force de propulsion 
servant, en reponse aux donnees de detection 
regues depuis lesdits moyens de detection de 
valeur d'etat, a contrdler ladite force de propulsion 
vers I'avant ou vers I'arriere. 35 



levitation desdits moyens (2) pour generer une 
force magnetique de levitation, pour ramener ladite 
energie alimentant lesdits moyens (2) pour generer 
une force magnetique a ladite valeur propre prede- 
termine en I'absence de variations dans ledit 
espace, et lesdits moyens (4) de detection de la 
valeur d'etat servent a detecter ledit espace. 

24. Systeme de transport a levitation magnetique selon 
la revendication 20, dans lequel lesdits moyens 
pour detecter I'etat de levitation incluent des circuits 
de detection de courant (13) et des detecteurs 
d'esapce (4), la force de levitation desdits moyens 
pour generer une force magnetique pouvant etre 
contr&lee sur la base des donnees de detection 
provenant desdits detecteurs d'espace (4). 



22. Systeme de transport a levitation magnetique selon 
la revendication 20, dans lequel lesdits moyens (4) 
pour detecter une valeur d'etat servent a detecter 
une difference entre un espace propre predeter- 40 
min6 et un espace reel entre ledit vehicule (A) et 
ledit rail de guidage (B), lesdits moyens (59) de 
contrOle de levitation servent a contrdler la force de 
levitation desdits moyens pour generer une force 
magnetique de levitation de maniere a ramener 45 
ledit espace reel audit espace propre, et lesdits 
moyens (4) pour detecter la valeur d'etat servent a 
detecter la force de levitation desdits moyens (2) 
pour generer une force magnetique de levitation. 

50 

23. Systeme de transport a levitation magnetique selon 
la revendication 20, dans lequel lesdits moyens 
pour detecter I'etat de levitation servent a detecter 
une difference entre une valeur propre predetermi- 
ne et I'energie alimentant lesdits moyens pour 55 
generer une force magnetique de levitation, et les 
variations dans I'espace entre ledit vehicule (A) et 
ledit rail de guidage (6), lesdits moyens de contrdle 

de levitation (59) servent a contrdler ladite force de 
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FIG 13 
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FIG M 




34 



EP 0 580 107 B1 




35 



EP 0 580 107 B1 




37 



EP 0 580 107 B1 




38 



EP 0 580 107 B1 



FIG 19 
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FIG -21 




41 



EP 0 580 107 B1 




EP 0 580 107 B1 



F I G . 23 




43 



